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INTRODUCTION 

Prostate  cancer  is  the  most  common  cancer  and  the  second  leading  cause  of  cancer  deaths  in 
U.S.  men.  African  American  men  are  at  greater  risk  for  both  developing  and  dying  from  prostate 
cancer  compared  to  white  men.  Research  based  on  racial  differences  in  prostate  cancer  has 
resulted  in  important  discoveries  that  have  just  begun  to  unravel  the  complex  biologic 
mechanisms  for  prostate  cancer.  The  paucity  of  data  on  prostate  cancer  from  population-based 
samples  of  African  American  men  highlights  a  gap  in  our  current  understanding  of  the  disease. 
The  goal  of  this  proposed  study  is  to  determine  whether  or  not  there  are  differences  in  1) 
various  circulating  hormone  and  growth  factor  levels  and  2)  the  prevalence  of  genetic 
polymorphisms  between  African  American  men  with  prostate  cancer  and  those  free  of  disease. 
We  will  also  measure  the  associations  between  genetic  polymorphisms  and  circulating  hormone 
levels  and  their  subsequent  impact  on  prostate  cancer  risk  in  African  American  men.  This 
information  will  enable  us  to  better  understand  the  role  of  hormonal  and  genetic  risk  factors  in 
the  disease  process.  We  will  make  use  of  the  unique  opportunity  presented  by  the  availability  of 
an  ongoing  epidemiologic  study  of  community-dwelling  African  American  men:  the  Flint  Men’s 
Health  Study.  We  will  accomplish  this  through  the  following  Specific  Aims: 

Specific  Aim  1 :  To  evaluate  the  associations  between  circulating  hormone  and  growth  factor 
levels  and  prostate  cancer  using  samples  from  a  population-based  cohort  of  African  American 
men. 


Specific  Aim  2:  To  evaluate  the  associations  between  genetic  polymorphisms  and  prostate 
cancer  using  samples  from  a  population-based  cohort  of  African  American  men. 

a.  To  evaluate  differences  in  the  prevalence  of  common  genetic  polymorphisms  between  men 
diagnosed  with  prostate  cancer  and  disease  free  controls. 

b.  To  evaluate  differences  in  the  prevalence  of  common  genetic  polymorphisms  between  men 
diagnosed  with  various  stage  and  grade  prostate  cancer. 


Specific  Aim  3:  To  measure  the  associations  between  genetic  polymorphisms  and  circulating 
hormone  levels  and  their  subsequent  impact  on  prostate  cancer  risk  in  African  American  men. 


The  completion  of  these  aims  will  lead  to  new  insights  into  differences  and/or  similarities 
in  the  prevalence  of  hormonal  and  genetic  correlates  of  prostate  cancer  between  cases 
and  controls.  These  insights  will  provide  the  direction  for  the  next  sets  of  studies  to 
better  define  the  etiology  of  prostate  cancer  in  African  American  men,  its  natural  history 
and  clinic  course,  as  well  as  potential  targets  for  intervention. 


BODY 

The  following  include  research  accomplishments  associated  with  tasks  outlined  in  our  approved 
Statement  of  Work. 


Task  1.  To  perform  laboratory  assays  for  the 

Months  1-12 
Total  Testosterone 
Free  Testosterone 
Androstenedione 
Dihydroepiandrosterone  sulfate 
Serum  hormone  binding  globulin 
Androstenediol  glucuronide 


following  hormones: 

Sodium 

Months  12-24 

Estradiol 

Estrone  Sulfate 

Insulin-like  Growth  Factor-1 

Insulin-like  Growth  Factor  Binding  Protein-3 
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This  task  has  been  completed  and  included  sending  aliquots  of  over  450  serums  to  the 
appropriate  laboratories,  entering  the  data  into  spreadsheets,  and  data  cleansing.  Specifically, 
circulating  hormone  levels  listed  above  were  quantified  by  performing  laboratory  assays  at  the 
University  of  Michigan  Medical  Center  Reproductive  Sciences  and  Clinical  Chemistry  Labs. 
Total  IGF-1,  IGFBP-3  and  AAG  were  measured  by  a  commercially  available  enzyme-linked 
immunosorbent  assays  (ELISA)  (Diagnostic  Systems  Laboratory,  Webster,  Texas)  in  Dr.  Jaffe’s 
laboratory.  Inter-assay  and  intra-assay  coefficients  of  variation  were  as  follows:  IGF-1 :  4%, 6%; 
IGFBP-3:  6%, 9%;  and  AG:  5%  and  11%.  All  other  hormones  were  measured  using 
commercially  available  chemiluminescent  immunoassays  (Bayer  Diagnostics,  Pittsburgh,  PA) 
Inter-assay  and  intra-assay  coefficients  of  variation,  respectively,  were  as  follows: 
DHEAS:18.14%,  12.53%;  TT:8.68%,  6.82%;  FT:6.5%,  7.3%;  SHBG:18.95%,  10.31%; 
Androstenedione:1 1 .6%,  6  %;  E2:10.21%,  6.375%;  and  Estrone:10.27%,  10.93%. 


Task  2.  To  perform  DNA  analyses  to  examine  the  following  genotypes: 

Months  1-12  Months  12-24 


LHB 

HSD3B2 

CYP17 

HSD17B2 


CYP19 

CYP3A4 

IGF1 


We  had  initially  planned  to  perform  our  SNP  assays  using  either  ABI  PRISM®  7700  Sequence 
Detection  System  which  uses  TaqMan®  assays  or  an  ABI  3100  PRISM®Genetic  Analyzer 
which  employs  a  16  capillary  electrophoresis  system.  However  the  University  of  Michigan 
Comprehensive  Cancer  Center  cDNA  Core  recently  purchased  the  ABI  PRISM®  7900 
Sequence  Detection  System  which  has  the  capacity  to  perform  high-throughput  SNP  detection 
using  384-well  plates.  We  have  performed  a  number  of  pilot  experiments  and  have  learned  that 
SNP  assays  using  the  ABI  7900  are  very  sensitive  to  DNA  concentration.  We  have  optimized 
our  assays  and  the  failure  rate  is  now  less  than  5%.  This  new  genotyping  platform  has  the 
reduced  the  estimated  cost  per  genotype  from  $2.00  to  less  than  $0.50.  This  allowed  us  to 
perform  additional  genotyping.  Additionally  in  the  face  of  new  analytical  methods  for  SNP 
selection  and  analyses  we  have  revised  our  genotype  list  from  the  one  listed  above. 

In  summary,  we  completed  in  our  lab  genotyping  for  the  PSA  and  Insulin  genes  using  methods 
described  above.  Genotyping  for  the  AR,  CYP1 1 A1 ,  SRD5A2  genes  were  completed  at  the 
Mayo  Clinic  while  assays  for  the  MSR1  genotypes  were  completed  at  Wakeforest  University.  A 
manuscript  describing  data  from  the  MSR1  analyses  was  published  in  Cancer  Research(l)  (See 
Appendix)  and  PSA,  Insulin  and  chromosome  8q24  genotyping  findings  have  been  published  in 
Prostate  Cancer  and  Prostatic  Diseases,  the  Prostate,  and  Nature  Genetics  journals, 
respectively(2-4)  (See  Appendix).  Data  quality  assessment,  cleansing  and  analyses  of  AR, 

CYP1 1 A1  and  SRD5A2  are  currently  in  progress.  We  decided  to  outsource  our  genotyping  for 
the  remainder  of  the  SNPs  in  the  interest  of  time  and  money.  The  following  SNPs  were 
selected  and  assays  completed.  Data  are  now  being  analyzed. 


IGFBP-3 

rs31 10697 

CY3A4 

rsl  2333983 

rs3793345 

rs2242480 

CYP17 

rsl  0883783 

rs2740574 

rs6163 

CYP19 

rs7000519 

rs6162 

rs743572 

IGF-1 

CA  repeat 
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Task  3.  Interim  statistical  analyses  of  data  obtained  from  hormone  assays  and  DNA  will 
be  performed  periodically  as  assays  are  performed.  (Months  1-24) 

For  years  1-2,  we  completed  preliminary  statistical  analyses  of  proposed  serum  hormone  data 
and  statistical  analyses  of  genotyping  have  been  completed  for  the  following  genes:  MSR1, 

PSA,  Insulin  and  Allele  -8  of  microsatellite  DG8S737.  Analyses  of  all  data  regarding  the  other 
SNPs  listed  above  are  currently  in  progress.  Additionally,  more  comprehensive  analyses  and 
manuscript  preparation  for  various  serum  hormone  data  among  cases  and  additional  analyses 
assays  for  total  and  free  testosterone  are  underway. 

Task  4.  Final  analyses  and  report  writing  (Months  24-36) 

a.  Final  analyses  of  data  from  hormone  assays  and  genetic  polymorphisms  will  be  performed. 

b.  Final  manuscripts  will  be  prepared  and  submitted. 

Four  manuscripts  have  been  published.  Final  analyses  of  hormone  data  are  currently  in 
progress  and  analyses  and  report  writing  of  remaining  genetic  polymorphisms  will  be  completed 
in  the  final  year. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  A  significant  difference  in  median  values  of  sex  hormones  was  observed  between  serum 
from  African  American  prostate  cancer  cases  and  disease-free  controls 

•  Selected  rare  macrophage  scavenger  receptor  1  gene  mutations  were  observed  to  be 
associated  with  increase  prostate  cancer  susceptibility  among  African  American  men 

•  Polymorphisms  in  the  prostate  specific  antigen  gene  promoter  did  not  predict  serum 
prostate  specific  antigen  levels  nor  prostate  cancer  risk  in  African  American  men 

•  Insulin  gene  Pstl  CC  genotype  was  positively  associated  with  prostate  cancer  diagnosis  and 
lower  grade  and  stage  of  prostate  cancer  in  African-American  men.  INS  Pstl  genotype  was  not 
associated  with  later  age  of  diagnosis. 

•  Allele  -8  of  the  microsatellite  DG8S737  was  associated  with  prostate  cancer  in  both 
European  and  African-American  men.  A  greater  population  attributable  risk  in  African-American 
men  suggests  that  this  variant  may  contribute  to  higher  incidence  of  prostate  cancer  in  African- 
American  men  than  in  men  of  European  ancestry. 

•  Preliminary  data  suggest  potential  associations  between  the  selected  SNPs  and  prostate 
cancer  diagnosis 

REPORTABLE  OUTCOMES 

•  Kruskal-Wallis  Test. 

In  this  first  3  years  of  funding,  we  have  made  significant  progress  towards  completing  laboratory 
studies  required  to  carry  out  analyses  described  in  Specific  Aims  1 , 2  and  3.  Table  1  reports 
initial  comparisons  of  mean  serum  hormone  concentrations  by  prostate  cancer  status.  Control 


Tablel  .  Median  (25%,  75%)  values  of  sex  hormone-related  factors  according  to  prostate 

cancer  status 


Hormone 

Prostate  Cancer 

Disease-free  controls 

P-value* 

(n=124) 

(n=406) 

Androstenedione  (ng/ml) 

6.28  (3.90,  9.06) 

1.00  (0.80,  1.30) 

<0.0001 

Estradiol  (pg/ml) 

36.70  (26.75,  43.5) 

28.90  (22.90,  36.40) 

<0.0001 

Estrone  (ng/ml) 

1.44  (1.04,  1.87) 

1.91  (1.25,  2.94) 

<0.0001 

SHBG  (nM) 

42.15  (30.20,56.60) 

29.70  (21.50,  43.10) 

<0.0001 

Total  testosterone  (ng/dl) 

445.50  (321.46,  611.62) 

559.77  (413.88,  757.10) 

<0.0001 

IGF-1  (ng/ml) 

233.66  (183.55,  288.16) 

59.00  (41.00,  83.00) 

<0.0001 

IGFBP-1  (ng/ml) 

39.62  (31.89,  46.52) 

3.32  (2.60,  4.33) 

<0.0001 
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serums  were  evaluated  for  quality  control  purposes  over  the  last  year  and  temporal  and  batch 
variations  were  found  on  the  original  samples  calling  into  question  the  validity  of  the  original 
control  hormone  values.  A  separate  manuscript  describing  distributions  of  hormone 
concentrations  among  prostate  cancer  cases  only  is  in  preparation.  Among  a  pristine  sample  of 
serum  in  controls  (deemed  of  high  quality  and  void  of  temporal  or  batch  variations),  total  and 
free  testosterone  concentrations  will  be  re-assayed.  Once  these  evaluations  are  complete, 
additional  analyses  will  be  performed  to  examine  potential  confounders  in  the  relationship 
between  these  total  and  free  testosterone  concentrations  and  the  risk  of  prostate  cancer  and  to 
determine  whether  significant  differences  in  serum  hormone  concentrations  exist  by  stage  and 
grade  of  disease. 

In  addition,  several  manuscripts  have  been  completed  (4  published)  examining  the  association 
between  various  SNPs  and  risk  of  prostate  cancer  in  African-American  men.  Below  are  the 
published  abstracts  for  the  three  completed  analyses.  Preliminary  data  on  remainder  of  SNPs 
are  depicted  in  Table  2  below. 

“Germ-line  Mutations  of  the  Macrophage  Scavenger  Receptor  1  Gene:  Association  with 
Prostate  Cancer  Risk  in  African  American  Men.”  Cancer  Research.  63,  3486-89.  2003. 

Both  rare  germ-line  mutations  and  common  sequence  variants  of  the  macrophage  scavenger 
receptor  1  ( MSR1 )  gene  have  recently  been  implicated  as  potential  prostate  cancer 
susceptibility  factors.  However,  existing  studies  are  limited  by  the  referral-based  nature  of 
samples  and  a  paucity  of  African-American  participants.  In  this  context,  we  evaluated  the 
association  of  germ-line  mutations  and  common  MSR1  sequence  variants  with  prostate  cancer 
risk  in  a  case  control  study  of  a  community-based  sample  of  134  African-American  men  with 
prostate  cancer  and  340  unaffected  controls.  In  our  sample,  the  rare  Asp174Tyr  missense 
change  was  identified  nearly  twice  as  frequently  in  men  with  prostate  cancer  (6.8%)  compared 
with  unaffected  controls  (3.6%;  P  =  0.14).  Moreover,  significantly  different  allele  frequencies 
between  cases  and  controls  were  observed  for  one  of  the  sequence  variants,  IVS5-59  (P  = 

0.02).  Taken  together,  our  results  provide  some  additional  support  for  the  hypothesis  that 
selected,  rare  MSR1  mutations  are  associated  with  increased  prostate  cancer  susceptibility 
among  African-American  men.  (See  Appendix) 

“Polymorphisms  in  the  Prostate  Specific  Antigen  Gene  Promoter  Do  Not  Predict  Serum 
Prostate  Specific  Antigen  Levels  in  African  American  Men.”  Prostate  cancer  and  prostatic 

diseases  9,  50  -55,  2006. _ 

A  major  problem  with  the  use  of  serum  PSA  in  predicting  prostate  cancer  risk  is  the 
considerable  intra-individual  variability  of  such  measurements.  Cramer  et  al.  (2003)  identified  a 
set  of  single  nucleotide  polymorphisms  (SNPs)  in  the  upstream  regulatory  region  of  the  PSA 
gene  that  were  each  associated  with  increased  promoter  activity  and  serum  PSA,  further 
suggesting  that  genotyping  these  SNPs  could  be  useful  in  improving  the  predictive  value  of  PSA 
screening.  In  order  to  replicate  this  finding,  DNA  samples  from  475  African  American  men  were 
genotyped  for  the  same  SNPs  and  no  association  was  observed  with  either  serum  PSA  level  or 
prostate  cancer  diagnosis.  (See  Appendix) 

“INS  Pstl  Polymorphism  and  Prostate  Cancer  Risk  in  African-American  Men:  The  Flint 

Men’s  Health  Study”  Prostate  65,  83  -87,  2005. _ 

BACKGROUND:  Both  prostate  cancer  and  diabetes  mellitus  are  common  disease  in  African- 
American  men.  High  insulin  levels  and  insulin  resistance  have  been  implicated  in  prostate 
cancer  development,  which  has  prompted  a  recent  investigation  of  a  possible  role  for  germline 
variation  in  the  insulin  gene  (INS)  and  prostate  cancer  risk. 
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METHODS:  Four  hundred  sixty-six  African-American  men  with  and  without  prostate  cancer  from 
the  Flint  Men’s  Health  Study  were  typed  for  the  INS  Pstl  genotype  using  restriction  digest  and 
direct  sequencing.  An  association  between  the  Pstl  genotype  and  prostate  cancer  was 
examined  using  crude  and  age-adjusted  logistic  regression  models. 

RESULTS:  African-American  men  who  were  homozygous  for  the  INS  Pstl  CC  genotype  were 
1.59  times  more  likely  to  be  diagnosed  with  prostate  cancer  compared  to  men  with  the  TT  or  TC 
genotypes  (95%CI=0.93,  2,72).  The  association  appeared  stronger  among  diabetics  compared 
to  non-diabetics;  however  this  observation  was  not  statistically  significant. 

CONCLUSIONS:  Our  study,  take  together  with  the  report  of  [Ho  et  al.  Br  J  Cancer  88:263-269, 
2003],  suggests  that  the  INS  Pstl  CC  genotype  is  associated  with  prostate  cancer  risk  in 
African-American  men.  Germline  variation  in  the  INS  gene  should  be  more  fully  explored  in 
multiethnic  studies  to  elucidate  the  molecular  variant(s)  associated  with  prostate 
carcinogenesis.  (See  Appendix) 

“A  Common  Variant  Associated  with  Prostate  Cancer  in  European  and  African 
Populations”  Nature  Genetics,  Advanced  Online  Publication,  1-7,  2006. 

With  the  increasing  risk  of  prostate  cancer,  identifying  common  genetic  variants  that  confer  risk 
of  disease  is  important.  In  this  report,  samples  of  DNA  from  the  FMHS  were  used  in  a  report  on 
a  variant  on  chromosome  8q24,  a  region  initially  identified  through  a  study  of  Icelandic  families. 
Allele  -8  of  the  microsatellite  DG8S737  was  associated  with  prostate  cancer  in  three  case 
control  series  of  European  ancestry  from  Iceland,  Sweden  and  the  US.  The  estimated  odds  ratio 
(OR)  of  the  allele  is  1.62  (P=2.7  x  10'11).  About  19%  of  affected  men  and  13%  of  the  general 
population  carry  at  least  one  copy,  yielding  a  population  attributable  risk  (PAR)  of  ~8%.  The 
association  was  also  replicated  in  an  African-American  case-control  group  (FMHS)  with  a 
similar  OR,  in  which  41%  of  affected  individuals  and  30%  of  the  population  are  carriers.  This 
leads  to  a  greater  estimated  PAR  (16%)  that  may  contribute  to  higher  incidence  of  prostate 
cancer  in  African  American  men  of  European  ancestry.  (See  Appendix) 


Table  2.  Genotype  Information  for  Selected  SNPS:  Preliminary  Data 


SNPs 

Gene 

Chromosome 

Position 

Nucleotide  Change 

Frequency 
of  Variant 
Allele  in 
Cases 

Frequency 
of  Variant 
Allele  in 
Controls 

rs31 10697 

IGFBP3 

7p13-p12 

Intron  3 

C  to  T 

59.4 

63.3 

rs3793345 

IGFBP3 

7p13-p12 

A  to  G  (T  to  C  NCBI) 

32.3 

40.4 

rsl  0883783 

CYP17 

10q24.3 

Intron  7 

A  to  T  (T  to  A  NCBI) 

30.8 

31.4 

rs6163 

CYP17 

10q24.3 

Exon  1  (Codon  65) 

G  to  T 

57.9 

66.4 

rs6162 

CYP17 

10q24.3 

Exon  1  (Codon  46) 

C  to  T 

58.7 

66.9 

rs743572 

CYP17 

10q24.3 

5'-UTR 

T  to  C 

57.8 

66.9 

rs12333983 

CYP3A4 

7q21 .1 

3'  UTR 

A  to  T  (T  to  A  NCBI) 

89.7 

85.5 

rs2242480 

CYP3A4 

7q21 .1 

Intron  10 

A  to  G  (T  to  C  NCBI) 

65.4 

54.8 

rs2740574 

CYP3A4 

7q21 .1 

5'  UTR  (-293) 

G  to  A 

49.6 

46.8 

rs700519 

CYP19 

1 5q2 1 . 1 

Exon  6  (codon  264) 

C  to  T 

30.1 

30.8 

rs9282858 

SDR5A2 

2p23 

Exon  1  (codon  49) 

G  to  A 

0.8 

1.4 

rs523349 

SDR5A2 

2p23 

Exon  1  (codon  89) 

C  to  G 

93.2 

90.9 

rs9332964 

SDR5A2 

2p23 

Exon  4  (codon  227) 

G  to  A 

100 

100 
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CONCLUSIONS 

Given  the  overall  increased  incidence  of  and  mortality  due  to  prostate  cancer  in  African- 
American  men,  these  men  represent  an  appropriate  population  for  the  study  of  the  associations 
between  circulating  hormones  and  genetic  polymorphisms  and  prostate  cancer  risk.  Our  goal  is 
to  identify  hormonal  factors  and  genetic  markers  that  can  be  used  to  stratify  African-American 
men  who  are  at  risk  for  developing  disease  as  well  as  those  who  progress  to  more  severe 
disease.  Over  the  next  12  months,  we  will  complete  our  analyses  of  the  hormone  and  genotype 
data  with  respect  to  prostate  cancer  risk. 
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Abstract 

Both  rare  germ-line  mutations  and  common  sequence  variants  of  the 
macrophage  scavenger  receptor  1  ( MSR1 )  gene  have  recently  been  impli¬ 
cated  as  potential  prostate  cancer  susceptibility  factors.  However,  existing 
studies  are  limited  by  the  referral-based  nature  of  samples  and  a  paucity 
of  African-American  participants.  In  this  context,  we  evaluated  the  asso¬ 
ciation  of  germ-line  mutations  and  common  MSR1  sequence  variants  with 
prostate  cancer  risk  in  a  case  control  study  of  a  community-based  sample 
of  134  African-American  men  with  prostate  cancer  and  340  unaffected 
controls.  In  our  sample,  the  rare  Aspl74Tyr  missense  change  was  identi¬ 
fied  nearly  twice  as  frequently  in  men  with  prostate  cancer  (6.8%)  com¬ 
pared  with  unaffected  controls  (3.6%;  P  =  0.14).  Moreover,  significantly 
different  allele  frequencies  between  cases  and  controls  were  observed  for 
one  of  the  sequence  variants,  IVS5-59  ( P  =  0.02).  Taken  together,  our 
results  provide  some  additional  support  for  the  hypothesis  that  selected, 
rare  MSR1  mutations  are  associated  with  increased  prostate  cancer  sus¬ 
ceptibility  among  African-American  men. 

Introduction 

There  is  a  growing  body  of  molecular  and  genetic  epidemiological 
evidence  that  implicates  the  short  arm  of  chromosome  8  (8p22— 23)  as 
the  location  of  one  or  more  genes  important  in  the  development  of 
adenocarcinoma  of  the  prostate  (1,  2).  Most  recently,  the  MSR1 3  gene 
has  been  proposed  as  an  etiologic  link  between  germ-line  alterations 
in  8p  and  prostate  carcinogenesis  (3,  4).  Xu  et  al.  identified  several 
rare  germ-line  mutations  of  the  MSR1  gene  that  cosegregated  with 
prostate  cancer  among  families  affected  with  HPC.  Moreover,  at  least 
one  of  the  germ-line  mutations  was  associated  with  an  increased  risk 
of  sporadic  prostate  cancer  among  African-American  men  (4).  In  a 
subsequent  study  of  men  of  European  descent,  the  same  authors 
examined  five  common  sequence  variants  of  MSR1  and  reported 
significantly  different  allele  frequencies  for  each  of  the  five  variants 
among  men  diagnosed  with  prostate  cancer  compared  with  unaffected 
controls.  Notably,  the  association  of  the  common  sequence  variants 
with  prostate  cancer  risk  was  independent  of  the  presence  of  rare 
germ-line  mutations  (3). 

The  composite  results  of  these  studies  provide  provocative  data  in 
support  of  MSR1  as  a  prostate  cancer  susceptibility  gene.  However, 
the  generalizability  of  these  findings  is  limited  by  a  lack  of  African- 
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Americans  participants.  Given  that  African-American  men  have  both 
a  higher  incidence  and  mortality  from  prostate  cancer  compared  with 
Caucasian  men  in  the  United  States,  characterization  of  genetic  risk 
factors  in  this  patient  population  is  an  important  public  health  initia¬ 
tive,  and  further  study  of  a  potential  role  for  MSR1  is  warranted  (5). 
The  aim  of  this  study  is  to  further  evaluate  the  association  between 
genetic  variation  in  the  MSR1  gene  and  prostate  cancer  susceptibility 
among  African-American  men. 

Materials  and  Methods 

Subjects.  Both  cases  and  controls  were  recruited  as  part  of  the  FMHS. 
Informed  consent  was  obtained  from  each  study  participant,  and  all  research 
protocols  were  approved  by  the  Institutional  Review  Board  at  the  University  of 
Michigan  Medical  School.  As  described  previously,  disease-free  controls,  aged 
40-79,  were  identified  from  a  probability  sample  of  African-American  men  in 
the  city  of  Flint,  Michigan  or  in  neighboring  Beecher  Township  (Genesee 
County;  Ref.  6).  A  complete  urological  history  and  physical  examination, 
including  PSA  testing,  was  performed  to  exclude  the  diagnosis  of  prostate 
cancer.  Participating  community  urologists  used  the  PSA  values  in  conjunction 
with  other  clinical  data  to  determine  the  need  for  biopsy;  in  general,  a  PSA 
value  of  >4  ng/ml  indicated  the  need  for  biopsy.  DNA  was  available  for 
genetic  sequencing  for  345  unaffected  men;  however,  the  DNA  was  insuffi¬ 
cient  for  5  individuals.  Thus,  our  final  control  sample  consists  of  340  disease- 
free  African-American  males. 

Prostate  cancer  case  recruitment  from  the  same  community  was  initiated  in 
1999  and  completed  in  July  2002.  Participation  of  cases  required:  (a)  an 
epidemiological  interview;  ( b )  a  review  of  the  hospital  and  registry  records  for 
information  on  tumor  stage,  Gleason  Score,  prediagnosis  PSA,  and  type  of 
therapy;  and  (c)  provision  of  a  blood  sample  for  DNA  and  freezer  storage  of 
serum  and  plasma.  After  excluding  two  cases  with  insufficient  DNA,  our  final 
case  sample  included  134  African-American  men,  aged  40-79,  that  had  been 
diagnosed  with  prostate  cancer  between  1995  and  2002.  For  both  cases  and 
controls,  genomic  DNA  was  isolated  from  whole  blood  by  the  use  of  the 
Puregene  kit  (Gentra  Systems,  Inc.,  Plymouth,  MN). 

Sequence  Analysis.  Five  common  sequence  variants  and  five  recently 
reported  rare  germ-line  mutations  were  analyzed  for  134  cases  and  340 
unaffected  controls.  The  five  rare  mutations  were  identified  during  screening 
for  sequence  variants  of  MSR1  in  germ-line  DNA  samples  from  individuals 
with  HPC  (4).  Four  are  missense  mutations  (Ser41Tyr,  Aspl74Tyr, 
Gly294Glu,  and  Pro36Ala),  and  one  is  a  nonsense  change  (Arg293X).  The  five 
common  sequence  variants  genotyped  have  been  described  previously  and 
include  an  SNP  in  the  promoter  sequence  (PR03),  a  15-bp  insertion/deletion 
variant  in  intron  1  (INDEL1),  an  SNP  located  in  intron  5  (IVS5-59),  a  missense 
mutation  in  exon  6  (P275A),  and  a  3-bp  insertion/deletion  in  intron  7 
(INDEL7;  Ref.  3).  The  method  of  identification  and  positions  of  the  five 
sequence  variants  have  been  reported  elsewhere  (3). 

Statistical  Analysis.  Bivariate  comparisons  of  mutation  and  allele  frequen¬ 
cies  among  cases  and  controls  were  carried  with  ^  analysis  or  Fisher’ s  exact 
test.  Logistic  regression  models  were  used  to  test  the  association  between 
common  variants  and  disease  status.  These  models  were  age  adjusted  to 
account  for  the  possibility  that  some  of  the  controls  may  later  become  diag¬ 
nosed  as  cases.  To  avoid  bias,  age  was  calculated  based  on  the  same  date  for 
all  cases  and  controls.  This  date  was  the  most  recent  follow-up  date  from  the 
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Table  1  Rare  MSR1  germ-line  mutations  in  African-American  men  with  prostate 
cancer  and  unaffected  controls 


Mutation 

Prostate  cancer  cases 
(%)  (n  =  134) 

Unaffected  men 
(%)  (n  =  340) 

Fisher’s 
exact  test" 

Ser41Tyr 

I  (0.8) 

0(0) 

0.278 

Aspl74Tyrb 

9  (6.8) 

12  (3.6) 

0.143 

Gly294Glu 

0(0) 

0(0) 

Pro  3  6 Ala 

9  (7.0) 

27  (8.1) 

0.847 

Arg293X 

1  (0.8) 

0(0) 

0.278 

a  Ps  based  on  two-sided  test. 

b  Two  unrelated  cases  were  homozygous  for  the  Aspl74Tyr  mutation. 


entire  sample,  with  the  exception  that  age  at  death  was  used  for  the  29  controls 
that  died  before  this  date.  This  age  variable  was  inserted  into  the  models  as  an 
independent  covariate.  All  tests  were  performed  at  the  5%  significance  level 
and  using  the  SAS  System  (Cary,  NC). 

Haplotype-based  association  studies  and  calculation  of  the  marker-marker 
linkage  disequilibrium  measure  D'  (7)  were  performed  using  the  computer 
program  Dandelion  (Green,  Langefeld,  and  Lange,  unpublished  software) 
following  the  methodology  described  in  Mohlke  et  al.  (8)  Briefly,  a  series  of 
likelihood  ratio  tests  were  performed  comparing  the  haplotype  frequencies 
between  cases  and  controls,  as  estimated  by  the  expectation-maximization 
algorithm,  for  two,  three,  four,  and  five  adjacent  marker  haplotypes  (9). 
Statistical  significance  was  evaluated  using  a  permutation  test  based  on  1000 
random  permutations  of  affection  status. 

Results  and  Discussion 

The  mutation  frequencies  for  five  nonsynonymous  germ-line  mu¬ 
tations  are  summarized  in  Table  1.  In  the  first  report  of  rare  MSR1 
mutations  and  prostate  cancer,  the  Aspl74Tyr  missense  change  was 
reported  to  occur  with  increased  frequency  among  African-American 
men  with  apparent  sporadic  prostate  cancer  (4).  In  our  community- 
based  sample,  the  Aspl74Tyr  change  was  identified  roughly  twice  as 
frequently  in  men  with  prostate  cancer  (6.8%)  than  in  unaffected 
controls  (3.6%;  P  =  0.14).  In  addition,  2  of  9  (22.2%)  cases  were 
homozygous  for  the  missense  change  at  this  allele.  Clinicopathologic 
features  for  the  9  cases  carrying  this  mutation  are  summarized  in 
Table  2.  Among  the  8  patients  with  available  clinical  data,  6  (75%) 
had  clinically  localized  disease  at  the  time  of  diagnosis.  However,  2 
cases  presented  with  metastatic  disease,  with  serum  PSA  levels  of 
157.8  and  1160  ng/ml,  respectively. 

Xu  et  al.  also  reported  that  the  Aspl74Tyr  missense  change  coseg¬ 
regated  with  prostate  cancer  in  African-American  families  affected 
with  HPC.  Although  formal  linkage  studies  were  beyond  the  scope  of 
this  case-control  study,  it  is  intriguing  that  at  least  three  (37.5%) 
carriers  of  the  Aspl74Tyr  change  reported  a  history  of  prostate  cancer 
in  a  first-degree  relative,  including  one  man  whose  family  history 


fulfills  the  criteria  for  HPC  (two  brothers  diagnosed  with  prostate 
cancer;  Ref.  10). 

Given  that  prostate  cancer  is,  in  general,  a  late-onset  disease  with  a 
long  asymptomatic  phase,  it  is  also  notable  that  three  of  the  unaffected 
men  carrying  the  Aspl74Tyr  mutation  had  serum  PSA  levels  in 
excess  of  4  ng/ml,  and  at  least  two  other  unaffected  carriers  have  a 
history  of  prostate  cancer  in  a  first-degree  relative  (data  not  shown). 
Moreover,  the  mean  age  of  unaffected  men  with  the  Aspl74Tyr 
change  was  54.2  years,  and  6  (50%)  of  the  individuals  are  £50  years 
of  age.  This  clinical  data  raises  the  possibility  that,  for  a  number  of 
men,  insufficient  time  may  have  elapsed  to  allow  phenotypic  expres¬ 
sion  of  the  underlying  genetic  variation.  Indeed,  misclassification  of 
only  a  few  controls  may  contribute  to  the  lack  of  statistical  signifi¬ 
cance  for  the  Aspl74Tyr  mutation  in  this  study  sample. 

The  relative  frequencies  of  the  common  MSR1  sequence  variants 
are  compared  for  affected  and  unaffected  men  in  Table  3.  The  relative 
genotype  frequencies  were  similar  for  cases  and  controls  for  each  of 
the  common  sequence  variants  with  the  exception  of  one  nonsynony¬ 
mous  SNP  in  intron  5  (IVS5-59).  For  this  SNP,  heterozygosity  (CA 
versus  CC)  was  significantly  more  common  among  affected  than 
unaffected  men  ( P  =  0.02).  For  each  of  the  common  sequence 
variants,  the  allele  frequencies  and  age-adjusted  prostate  cancer  ORs 
are  summarized  in  Table  4.  To  estimate  the  prostate  cancer  risk 


Table  3  Frequencies  of  common  MSR1  sequence  variants  in  African-American  men 
with  prostate  cancer  and  unaffected  controls 


No.  (%)  of  individuals  with  Genotype 

SNP  and 
genotype 

Control  subjects 
(n  =  340) 

Case  subjects 
(n  =  134) 

pa 

PR03 

AA 

125  (37.5) 

54  (41.2) 

0.244 

AG 

166  (49.9) 

55  (42.0) 

GG 

42  (12.6) 

22(16.8) 

1NDEL1 

125  (37.7) 

51  (40.2) 

0.228 

-/+ 

166  (50.0) 

54  (42.5) 

+/+ 

41  (12.4) 

22(17.3) 

IVS5-59 

CC 

329  (99.4) 

122  (96.1) 

0.020 

CA 

2  (0.6) 

5  (3.9) 

AA 

0(0) 

0(0) 

P275A 

CC 

287  (86.2) 

118(90.1) 

0.535 

CG 

43  (12.9) 

12  (9.2) 

GG 

3  (0.9) 

1  (0.8) 

1NDEL7 

-/- 

168  (50.9) 

71  (56.8) 

0.478 

-/+ 

134  (40.6) 

43  (34.4) 

+/+ 

28  (8.5) 

11  (8.8) 

X  test. 


Table  2  Clinicopathologic  features  of  nine  cases  with  Aspl74Tyr  missense  mutation 


Family  history  of 

Age 

Serum  PSA  at 

Gleason 

Pathologic 

Metastatic 

Case 

Genotype 

prostate  cancer 

(years) 

diagnosis  (ng/ml) 

Clinical  stage 

Sum" 

Type  of  therapy 

stage* 

disease 

1 

Homozygous 

No 

68.3 

20.7 

TlcNXMO 

7 

External  radiation 

No 

2C 

Homozygous 

No 

71.7 

6.2 

T2bNXMO 

7 

External  radiation 

No 

3 

Heterozygous 

Yesrf 

59.7 

5.2 

TlcNXMO 

7 

Radical  prostatectomy 

T3aNXMX 

No 

4 

Heterozygous 

Yese 

63.9 

157.8 

T3cNXMl 

9 

Hormonal 

Yes 

5 

Heterozygous 

No 

64.8 

1160.0 

T2bNXMl 

8 

Hormonal  chemotherapy 

Yes 

6 

Heterozygous 

No 

68.5 

11.0 

TlaNXMO 

4 

External  radiation 

No 

7 

Heterozygous 

No 

61.4 

2.0 

T2bNXMO 

5 

Radical  prostatectomy 

N/A 

No 

8 

Heterozygous 

N/A 

57.4 

0.6 

T2aNXMO 

6 

Radical  prostatectomy 

T2aNOMX 

No 

9> 

Heterozygous 

Yes* 

50.1 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

"  Pathologic  Gleason  Sum  is  reported  whenever  available;  otherwise,  biopsy  Gleason  Sum  is  reported. 
b  For  cases  undergoing  radical  prostatectomy. 

‘  Additionally  carries  Ser41Tyr  missense  mutation. 
d  Brother  with  prostate  cancer. 
e  Two  brothers  with  prostate  cancer. 

f  Serum  sample  provided  but  epidemiologic  questionnaire  not  completed. 

Father  with  prostate  cancer. 
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Table  4  Common  sequence  variant  allele  frequencies  and  age-adjusted  OR  estimates 
for  prostate  cancer  among  African-American  cases  and  controls 


Allele  frequencies  (%) 

Fisher’s 
exact  test 
for  allele  (P) 

Age-adjusted  OR 
(95%  confidence 
interval) 

Allele 

Control  subjects 

Case  subjects 

PR03  “G” 

37.5 

37.8 

0.940 

0.84° 

(0.55,  1.29) 

INDELl  "+"b 

37.4 

38.6 

0.761 

0.88c 

(0.57,  1.36) 

IVS5-59  “A” 

0.3 

2.0 

0.020 

2.90c/ 

(0.50,  16.79) 

P275A  “C” 

92.6 

94.7 

0.312 

0.12e 

(0.37,  1.40) 

INDEL7  "f 

71.2 

74.0 

0.457 

0.78s 

(0.50,  1.19) 

"  Relative  odds  for  AG  or  GG  genotypes  vs.  AA  (referent  OR  =  1 .00). 
b  +,  the  presence  of  the  15-bp  sequence  “GAATGCTTTATTGTA.” 

‘  Relative  odds  for  +/—  or  +/+  genotypes  v.v.  — /—  (referent  OR  =  1.00). 
cl  Relative  odds  for  CA  or  AA  genotypes  v’.v.  CC  (referent  OR  =  1 .00). 
c  Relative  odds  for  CG  or  GG  genotypes  vs.  CC  (referent  OR  =  1.00). 
f  the  absence  of  the  3-bp  sequence  “TTA.” 

s  Relative  odds  for  +/—  or  +/+  genotypes  v’.v.  —/—  (referent  OR  =  1.00). 


associated  with  each  sequence  variant,  we  compared  prostate  cancer 
risk  for  one  genotype  to  the  combined  risk  associated  with  two  other 
genotypes  as  described  previously  (3).  In  this  analysis,  although  the 
IVS5-59  variant  was  associated  with  an  increased  risk  of  prostate 
cancer  (OR  =  2.9,  95%  confidence  interval  0.5-16.79),  this  finding 
did  not  reach  statistical  significance.  Haplotype  analyses  using  the 
five  common  polymorphisms  for  all  possible  combinations  of  two, 
three,  four,  and  five  adjacent  markers  revealed  no  statistically  signif¬ 
icant  findings  (minimum  P  =  0.2  obtained  for  two  marker  haplotypes 
defined  by  IVS5-59  and  P275A).  Contrary  to  the  findings  of  Xu  et  al. 

(3),  evidence  for  marker-marker  linkage  disequilibrium  was  observed 
for  all  marker  pairings,  with  values  of  D'  ranging  from  1  for  marker 
pairings  PR03 — INDEL1,  1VS5-59  -P275A,  IVS5-59 — INDEL7 
to  0.42  for  the  marker  pairing  INDEL1 — INDEL7. 

Our  data  provide  some  additional  evidence  for  a  potential  link 
between  prostate  cancer  and  germ-line  MSR1  mutations  in  African- 
American  men.  Xu  et  al.  (4)  reported  the  presence  of  the  Aspl74Tyr 
change  in  6  of  48  African-American  men  with  non-HPC  versus  only 
2  of  1 10  unaffected  African-American  men.  Indeed,  when  our  data  are 
considered  in  conjunction  with  these  findings,  Aspl74Tyr  mutations 
are  seen  in  15  of  182  (8.2%)  cases  versus  only  14  of  450  (3.1%) 
controls  (P  <  0.05).  Furthermore,  the  presence  of  homozygosity  at 
Aspl74Tyr  in  2  cases  from  our  sample,  one  of  whom  also  carried  the 
Ser41Tyr  change,  raises  interesting  questions  regarding  the  impact  of 
multiple  germ-line  mutations  on  the  biology  and  function  of  MSR1.  as 
well  as  the  coincident  effect  on  prostate  cancer  risk. 

In  general,  however,  our  data  provide  limited  support  for  an  asso¬ 
ciation,  in  African-American  men,  between  prostate  cancer  and  the 
five  common  MSR1  sequence  variants.  We  evaluated  each  of  the 
common  variants  that  have  been  reported  previously  to  confer  in¬ 
creased  prostate  cancer  risk  among  men  of  European  descent  (3). 
Statistically  significant  differences  in  allele  frequencies,  among  cases 
and  controls,  were  observed  for  only  one  (IVS5-59)  of  the  five 
sequence  variants  (Table  3).  However,  the  overall  prevalence  of  this 
mutation  (IVS5-59)  in  our  sample  was  sufficiently  low  (2%  of  cases 
versus  0.3%  of  controls)  that  it  may  be  more  appropriately  classified 
as  a  rare  mutation  rather  than  a  common  sequence  variant.  This 
discrepancy  notwithstanding,  after  adjustment  for  age,  none  of  the 
sequence  variants  was  associated  with  a  significantly  increased  risk  of 
prostate  cancer  (Table  4).  The  results  were  similar  when  the  control 
sample  was  limited  to  those  men  who  were  >50  years  of  age  with 
screening  PSA  value(s)  <  4  ng/ml  (data  not  shown).  Thus,  for  the 
common  MSR1  sequence  variants,  with  the  possible  exception  of 
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IVS5-59,  our  results  in  a  sample  of  African-American  men  are  incon¬ 
sistent  with  those  described  previously  (3). 

Xu  et  al.  (3)  reported  previously  that  each  of  the  common  MSR1 
sequence  variants,  with  the  exception  of  INDEL7,  was  associated  with 
an  elevated  risk  for  prostate  cancer.  However,  a  recognized  limitation 
of  this  study  was  the  potential  for  population  stratification,  whereby 
the  observed  differences  in  genotype  frequencies  may  partially  reflect 
differing  genetic  backgrounds  among  case  and  control  subjects.  In 
contrast,  it  is  more  likely  that  men  in  our  community-based  sample 
come  from  similar  genetic  backgrounds,  thereby  minimizing  popula¬ 
tion  stratification  and  potentially  explaining  the  lack  of  an  association, 
in  our  sample,  between  common  MSR1  sequence  variants  and  prostate 
cancer  risk.  Furthermore,  it  is  important  to  recognize  that  the  study  by 
Xu  et  al.  (3)  included  only  men  of  European  descent,  whereas  our 
sample  was  comprised  exclusively  of  African-American  men.  As  a 
result,  it  is  reasonable  that  a  different  conclusion  may  be  reached  for 
African-American  men  without  necessarily  compromising  the  validity 
and  importance  of  this  association  in  Caucasian  men. 

There  are  several  limitations  to  our  study.  First,  we  recognize  that 
the  relatively  small  sample  size  may  result  in  low  statistical  power  for 
some  of  our  analyses.  In  addition,  selection  bias  is  a  potential  threat  to 
the  validity  of  all  observational  studies.  Among  control  subjects  in 
FMHS,  <60%  of  men  that  completed  the  initial  epidemiological 
interview  participated  in  the  blood  draw  and  clinical  examination 
components  of  the  study.  Factors  associated  with  participation  in  the 
clinical  phases  of  the  project  include  young  age,  a  family  history  of 
prostate  cancer,  and  the  presence  of  urological  symptoms  (11).  Al¬ 
though  nonresponse  bias  is  a  concern  for  epidemiological  studies  of 
behavioral  risk  factors,  we  have  no  reason  to  believe  that  participants 
and  nonparticipants  differ  systematically  with  respect  to  their  genetic 
background. 

In  conclusion,  our  analysis  of  MSR1  variants  in  474  African  Amer¬ 
ican  men  from  a  community-based  study  of  prostate  cancer  provides 
some  additional  support  for  an  association  between  rare  germ-line 
MSR1  mutations  and  prostate  cancer  risk.  Specifically,  we  observed 
that  the  Aspl74Tyr  missense  mutation  is  found  nearly  twice  as 
frequently  among  prostate  cancer  cases  compared  with  controls.  Al¬ 
though  this  difference  in  mutation  frequency  did  not  reach  statistical 
significance  in  our  sample,  our  findings  are  nonetheless  consistent 
with  the  hypothesis  that  this,  and  potentially  other,  rare  germ-line 
mutations  may  mediate  prostate  cancer  risk  among  African-American 
men  (4).  In  addition,  the  IVS5-59  sequence  variant  may  also  modify 
prostate  cancer  risk  among  African-American  men,  and  further  inves¬ 
tigation  into  the  prevalence  and  functional  significance  of  this  change 
is  warranted.  We  were  unable  to  demonstrate,  in  African-American 
men,  an  association  between  four  other  MSR1  common  sequence 
variants  and  prostate  cancer  risk.  This  study  adds  to  an  expanding 
body  of  epidemiological  evidence  in  support  of  the  hypothesis  that 
germ-line  MSR1  mutations  are  risk  factors  for  prostate  cancer.  Al¬ 
though  the  evidence  from  our  study  is  admittedly  modest,  the  public 
health  burden  of  prostate  cancer  in  the  African-American  community 
warrants  further  investigation  of  this  potential  genetic  risk  factor. 
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BACKGROUND.  Both  prostate  cancer  and  diabetes  mellitus  are  common  diseases  in  African- 
American  men.  High  insulin  levels  and  insulin  resistance  have  been  implicated  in  prostate 
cancer  development,  which  has  prompted  a  recent  investigation  of  a  possible  role  for  germline 
variation  in  the  insulin  gene  (INS)  and  prostate  cancer  risk. 

METHODS.  Four  hundred  sixty-six  African-American  men  with  and  without  prostate  cancer 
from  the  Flint  Men's  Health  Study  were  typed  for  the  INS  Pstl  genotype  using  restriction  digest 
and  direct  sequencing.  An  association  between  the  Pstl  genotype  and  prostate  cancer  was 
examined  using  crude  and  age-adjusted  logistic  regression  models. 

RESULTS.  African-American  men  who  were  homozygous  for  the  INS  Pstl  CC  genotype  were 
1 .59  times  more  likely  to  be  diagnosed  with  prostate  cancer  compared  to  men  with  the  TT  or  TC 
genotypes  (95%  Cl  =  0.93-2.72).  The  association  appeared  stronger  among  diabetics  compared 
to  non-diabetics;  however  this  observation  was  not  statistically  significant. 

CONCLUSIONS.  Our  study,  taken  together  with  the  report  of  [Ho  et  al.  Br  J  Cancer  88:263— 
269,  2003],  suggests  that  the  INS  Pstl  CC  genotype  is  associated  with  prostate  cancer  risk  in 
African-American  men.  Germline  variation  in  the  INS  gene  should  be  more  fully  explored  in 
multiethnic  studies  to  elucidate  the  molecular  variant(s)  associated  with  prostate  carcinogenesis. 
Prostate  65:  83-87,  2005.  ©  2005  Wiley-Liss,  Inc. 
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INTRODUCTION 

Prostate  cancer  is  the  most  common  cancer  among 
American  men  and  is  the  second  leading  cause  of 
cancer  deaths  in  the  United  States.  Age,  African- 
American  race,  and  family  history  are  well-established 
risk  factors  for  this  disease  [1].  African-American  men 
have  an  approximately  1.5-fold  higher  incidence  of 
prostate  cancer  and  a  nearly  2.5-fold  higher  incidence 
of  distant  disease  compared  to  Caucasian  men  [2].  The 
likely  causes  which  explain  the  racial  differences  in 
prostate  cancer  development  and  progression  have  not 
been  fully  elucidated,  but  likely  include  genetic, 
environment,  and  sociological  factors. 

African-American  men  are  also  more  commonly 
diagnosed  with  type  2  diabetes  mellitus  compared  to 
Caucasian  men.  Using  data  from  the  Third  National 


Health  and  Nutrition  Examination  Survey  (NHANES), 
Robbins  et  al.  [3]  showed  that  African-American  race  is 
associated  with  an  approximately  50%  increase  in  the 
risk  of  type  2  diabetes  mellitus  in  men  (age-adjusted 
OR=  1.43, 95%  Cl  =  1.03-1.99).  In  this  study,  the  excess 
risk  of  diabetes  could  not  be  explained  by  other  factors 
including  socioeconomic  variables  and  body  size.  The 


Grant  sponsor:  S.P.O.R.E.  in  Prostate  Cancer;  Grant  number: 
P50CA69568. 

^Correspondence  to:  Kathleen  A.  Cooney,  MD,  7310  CCGC  0946, 
1500  East  Medical  Center  Drive,  Ann  Arbor,  MI  48109-0946. 

E-mail:  kcooney@umich.edu 

Received  8  December  2004;  Accepted  7  March  2005 

DOI  10.1002/ pros.20271 

Published  online  2  May  2005  in  Wiley  InterScience 
(www.interscience.wiley.com). 


©  2005  Wiley-Liss,  Inc. 


14 


84  Claeys  et  al. 


proposed  pathophysiological  mechanism  for  type  2 
diabetes  is  peripheral  insulin  resistance  in  combination 
with  relative  insulin  deficiency. 

Several  groups  have  explored  the  potential  relation¬ 
ship  between  prostate  cancer  and  various  aspects 
of  insulin  physiology.  Using  data  from  a  case-control 
study  of  prostate  cancer  conducted  in  China,  Hsing 
et  al.  [4]  demonstrated  that  men  in  the  highest  tertile  of 
insulin  resistance  had  a  2.8-fold  increased  risk  or 
prostate  cancer  (95%  Cl  =  1.6-4. 7).  Other  reports  have 
shown  an  increased  risk  of  prostate  cancer  in  men  with 
high  insulin  levels  [5]  as  well  as  a  relationship  between 
serum  insulin  levels  and  advanced  tumor  stage  and 
risk  of  prostate  cancer  recurrence  [6,7] . 

Given  the  potentially  important  role  of  insulin  in 
prostate  cancer  development.  Ho  et  al.  [8]  tested  genetic 
variation  in  the  insulin  gene  (INS)  to  determine  its 
potential  association  with  prostate  cancer  susceptibil¬ 
ity.  Tight  linkage  disequilibrium  has  previously  been 
reported  between  10  SNPs  spanning  a  4.1  kb  genomic 
segment  on  chromosome  llpl5.5  containing  the  INS 
gene,  therefore  these  investigators  elected  to  test  a 
single  SNP  (+1127  INS  Pstl)  in  the  3'  untranslated 
region  (UTR)  of  the  gene.  Using  DNA  samples  from  a 
hospital-based  case-control  study.  Ho  et  al.  [8]  detected 
an  increased  risk  of  prostate  cancer  in  men  who  had  the 
homozygous  CC  INS  Pstl  genotype  (OR  =1.74,  95% 
Cl  =  0.99-3.05).  The  strongest  association,  however, 
was  observed  in  the  subset  of  men  who  were  over  age 
54  years,  either  African-American  or  Caucasian,  and 
who  did  not  report  a  personal  history  of  diabetes 
(OR  =  6.33,  95%  Cl  1.87-21.4). 

The  Flint  Men's  Health  Study  (FMHS)  is  a  commu¬ 
nity-based  case-control  study  of  prostate  cancer  in 
African-American  men  between  the  ages  of  40-79.  To 
further  explore  the  potential  association  between  dia¬ 
betes,  germline  variation  in  the  INS  gene  and  prostate 
cancer,  we  genotyped  466  men  with  and  without 
prostate  cancer  for  the  +11 27 INS  Pstl  SNP  and  herein 
describe  the  association  of  the  CC  genotype  with 
prostate  cancer  in  our  study  population. 

MATERIALS  AND  METHODS 
Control  Subjects 

Data  collection  for  the  FMHS  began  in  1996  and 
concluded  in  2002.  Informed  consent  was  obtained 
from  all  study  participants,  and  protocols  were 
approved  by  the  Institutional  Review  Board  at  the 
University  of  Michigan  Medical  School.  As  described 
previously,  disease-free  controls  were  identified  from  a 
probability  sample  of  African-American  men  in  Flint, 
Michigan  or  in  selected  census  tracts  in  neighboring 
Beecher  Township  (Genesee  County,  Michigan)  [9]. 
The  source  population  for  controls  includes  all  African- 


American  men  aged  40-  79  living  in  Genesee  County. 
Men  in  older  age  groups  were  over-sampled  to  increase 
the  number  of  eligible  subjects  for  analyses  pertain¬ 
ing  to  prostate  cancer.  From  the  initial  sample  of 
943  men,  732  were  willing  to  participate  and  deter¬ 
mined  to  be  eligible  to  complete  the  detailed  in-home 
epidemiologic  interview,  which  covered  information 
on  health  behaviors  such  as  smoking,  drinking  and 
physical  activity;  occupational  exposures,  general 
health  condition  and  medical  history  of  chronic  ill¬ 
nesses,  family  history  of  prostate  cancer  and  demo¬ 
graphic  information. 

Subjects  were  then  asked  to  undergo  a  prostate 
cancer  screening  protocol,  which  included  providing  a 
blood  sample  for  a  serum  total  prostate-specific  antigen 
(PSA)  measurement,  and  undergoing  a  comprehensive 
urological  examination.  A  total  of  379  men  completed 
the  interview,  blood  draw  and  clinical  examination. 
Men  with  an  abnormal  digital  rectal  examination  and  / 
or  elevated  total  PSA  concentration  (>4.0  ng/ ml)  were 
referred  for  prostate  biopsy.  Twenty  eight  men  subse¬ 
quently  diagnosed  with  biopsy-confirmed  prostate 
cancer  were  included  in  the  study  as  cases;  the 
remaining  351  were  included  in  our  control  sample. 

Case  Subjects 

Prostate  cancer  case  recruitment  from  the  same 
community  began  in  1999  and  was  completed  in 
2002.  Cases  were  identified  using  the  Genesee  County 
Community-Wide  Hospital  Oncology  Program  (CHOP) 
registry,  which  includes  the  three  hospitals  for  the 
county:  Hurley  Hospital,  Genesys  Regional  Medical 
Center,  and  McLaren  Regional  Medical  Center.  Case 
participation  in  the  study  required  (1)  an  in-home 
interview  as  in  the  controls;  (2)  a  review  of  the  hospital 
and  registry  records  for  information  on  stage,  Gleason's 
grade  of  differentiation,  treatment,  and  pre-diagnosis 
PSA  value;  (3)  anthropometric  measurements;  and  (4)  a 
blood  sample  for  DNA  and  freezer  storage  of  serum 
and  plasma.  An  expert  in  genitourinary  pathology  at 
the  University  of  Michigan  reviewed  the  pathological 
material  and  assigned  Gleason  grade.  One  hundred 
twenty  five  African-American  men  aged  40-79  who 
were  residents  of  Genesee  County  and  who  had  been 
diagnosed  with  prostate  cancer  completed  all  aspects  of 
the  case  protocol.  The  final  case  group  includes  the  28 
newly  diagnosed  cases  identified  during  recruitment  of 
potential  controls. 

Laboratory  Methods 

Genomic  DNA  was  extracted  from  whole  blood 
using  a  Puregene  DNA  extraction  kit  (Gentra  Systems, 
Inc.,  Research  Triangle  Park,  NC).  Of  the  351  control 
and  125  case  samples,  9  and  1,  respectively,  were 
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removed  due  to  technical  reasons.  The  INS  PstI 
genotypes  were  analyzed  for  342  controls  without  the 
clinical  diagnosis  of  prostate  cancer  and  124  cases. 
Genotyping  of  the  INS  PstI  was  performed  using  minor 
modifications  of  the  restriction  fragment  length  poly¬ 
morphism  (RFLP)  analysis  described  by  Ho  et  al.  [8]. 
Primers  were  designed  to  amplify  a  503  bp  region  of 
the  INS  gene  containing  the  +1127  PstI  SNP.  The 
forward  primer  sequence  was  5'CGGGGGAAGG- 
AGGTGGGACAT,  while  the  reverse  primer  sequence 
was  5'ACAACAGTGCCGGGAAGTGGGG.  PCR  pri¬ 
mers  were  purchased  from  Invitrogen  (Carlsbad,  CA). 
All  genotypes  were  independently  interpreted  by  a 
second  researcher,  and  18%  of  genotypes  were  con¬ 
firmed  by  repeat  restriction  digest.  Direct  sequencing 
was  used  to  independently  confirm  7%  of  all  samples, 
and  complete  concordance  was  observed  between  the 
genotypes  obtained  by  sequencing  and  RFLP  analysis. 

Statistical  Analysis 

The  distribution  of  the  INS  PstI  genotype  along  with 
other  sociodemographic  and  clinical  characteristics 
were  examined  in  the  overall  study  population  as  well 
as  by  case  status.  Differences  in  genotype  frequency 
between  cases  and  controls  were  tested  using  the 
Mantel -Haenszel  Chi-square  test.  Unconditional  logi¬ 
stic  regression  was  performed  to  obtain  multivariable 
odds  ratios  with  associated  95%  confidence  intervals 
for  the  association  between  INS  PstI  genotype  and 
prostate  cancer,  adjusting  for  potentially  important 
covariates  and  prostate  cancer.  The  TC  and  TT  geno¬ 
types  were  combined  in  the  final  analysis  given  the 
rarity  of  the  TT  genotype.  The  final  models  adjusted 
simultaneously  for  INS  PstI  genotype,  age,  BMI,  and 
diabetes.  Differences  in  the  associations  between  INS 
PstI  genotype  and  prostate  cancer  by  BMI  and  diabetes 
status  were  tested  using  the  Breslow-Day  test  for 
homogeneity. 


Approximately  50%  of  FMHS  control  men  were 
tested  for  prostate  cancer  at  multiple  time  points. 
Therefore,  to  avoid  lead  time  bias  in  the  multivariable 
analysis,  age  was  calculated  based  on  the  same  date  for 
all  cases  and  controls.  This  date  was  the  most  recent 
follow-up  date  from  the  entire  sample,  with  the  excep¬ 
tion  that  age  at  death  was  used  for  the  37  controls  that 
died  prior  this  date.  Subjects  were  considered  to  have 
a  positive  family  history  of  prostate  cancer  if  they  re¬ 
ported  that  a  father,  son,  and  /  or  brother  had  ever  been 
diagnosed  with  prostate  cancer.  Subjects  were  consid¬ 
ered  to  have  diabetes  based  on  the  subjects'  self-report 
of  physician-diagnosed  diabetes.  BMI  was  calculated 
by  dividing  weight  in  kilograms  by  height  in  meter 
squared,  using  measurements  of  weight  and  height 
obtained  during  the  clinical  exam  and  these  measures 
were  then  categorized  based  on  the  World  Health 
Organization  (WHO)  definitions  of  overweight  and 
obesity:  obese  (>30),  overweight  (25  <  BMI  <  30),  or 
normal  BMI  (<25).  The  Cochran-Armitage  trend  test 
was  calculated  to  determine  if  variables  with  more  than 
two  categories  had  a  linear  trend  of  increasing  risk  of 
prostate  cancer  for  each  successive  category.  All  anal¬ 
yses  were  performed  using  the  Statistical  Analysis 
System  (SAS  v.  8.2,  Cary,  NC).  Two  tailed  tests  were 
used  for  all  comparisons  and  P-values  of  less  than  0.05 
were  considered  statistically  significant. 

RESULTS 

Overall,  the  men  with  prostate  cancer  that  were 
genotyped  in  this  report  were  significantly  older 
than  men  without  prostate  cancer,  64.3  years  versus 
56.1  years  (P  <  0.0001).  A  positive  family  history  for 
prostate  cancer  was  reported  by  21.8%  of  cases 
compared  to  16.7%  of  controls  (P  =  0.22).  Both  BMI 
and  diabetes  were  positively  associated  with  prostate 
cancer;  however,  these  associations  were  not  statisti¬ 
cally  significant  (Table  I). 


TABLE  I.  Distribution  of  Clinical  Characteristics  by  Case/Control  Status  and  Associated 
Odds  Ratio  for  the  Diagnosis  of  Prostate  Cancer 


Prostate  cancer 
cases  (n=  124) 

Disease-free 
controls  (n  =  342) 

Odds  ratio 
(95%  Cl) 

P-value 

BMI 

Normal  (<25) 

25.4% 

33.3% 

0.126 

Overweight  (25-29.9) 

40.2% 

36.3% 

1.45  (0.87-2.44) 

Obese  (>30) 

34.4% 

30.4% 

1.49  (0.87-2.54) 

Diabetes 

Yes 

22.6% 

17.8% 

1.34  (0.81-2.22) 

0.286 

No 

77.4% 

82.2% 

— 
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The  INS  PstI  genotypes  obtained  from  466  FMHS 
participants  exhibited  Hardy-Weinberg  equilibrium. 
The  CC  genotype  was  most  frequently  observed  in 
both  cases  and  controls,  83.9%  and  76.6%,  respectively 
(Table  II).  The  TT  genotype  was  observed  in  only  three 
men  or  0.6%  of  the  entire  study  sample.  Our  results 
suggest  that  men  with  the  INS  PstI  CC  genotype  had  a 
1.59-fold  greater  risk  of  prostate  cancer  diagnosis  as 
compared  to  men  with  the  TT  or  TC  genotype  (95% 
Cl  =  0.93-2.72).  We  also  pooled  the  FMHS  data  with 
the  genotype  data  from  96  African-American  men  with 
prostate  cancer  and  67  disease-free  controls  reported  by 
Ho  et  al.  [8].  The  pooled  estimate  of  prostate  cancer  risk 
associated  with  the  INS  PstI  CC  genotype  was  1.53 
(95%  Cl  =  1.01-2.32).  Among  the  cases,  there  was  no 
significant  association  between  the  INS  PstI  CC  geno¬ 
type  and  prostate  cancer  grade  (comparing  Gleason 
score  <6  to  Gleason  score  >7  cases)  or  age  at  diagnosis 
(data  not  shown). 

No  differences  were  observed  in  the  risk  for  prostate 
cancer  associated  with  the  INS  PstI  CC  genotype  in 
obese  compared  to  non-obese  men  (Table  III).  The  risk 
of  prostate  cancer  associated  with  the  CC  genotype 
appeared  greater  among  men  who  reported  the 
diagnosis  of  diabetes  (OR  =  2.35,  95%  Cl  =  0.76-7.26) 
compared  to  those  who  did  not  (OR  =  1.55,  95% 
Cl  =  0.82-2.94),  although  the  difference  was  not 
significant. 

DISCUSSION 

This  is  the  first  independent  confirmation  of  the 
association  between  the  INS  PstI  CC  genotype  and 
prostate  cancer  as  initially  described  in  a  multiethnic, 
hospital-based  case-control  study  at  Albert  Einstein 
College  of  Medicine  in  New  York  City.  Since  our  study 
population  was  comprised  solely  of  African-American 


TABLE  III.  Age-Adjusted  Odds  Ratios  of  INS  PstI  CC 
Genotype  by  BMI  and  Diabetes  Strata 

Odds  ratio  (95%  Cl)  CC  versus  TC/TT 

BMI 

Obese  (>30) 

1.67  (0.62-4.51) 

Non-obese  (<30) 

1.75  (0.89-3.45) 

Diabetes 

Yes 

2.35  (0.76-7.26) 

No 

1.55  (0.82-2.94) 

men,  we  elected  to  combine  the  data  from  466  African- 
American  FMHS  participants  with  the  subset  of  163 
African-American  men  from  the  New  York  City  study. 
In  this  combined  sample  of  629  men,  the  INS  PstI  CC 
genotype  was  associated  with  a  1 .53-fold  increase  risk 
of  prostate  cancer  (95%  Cl  =  1.01-2.32). 

The  INS  gene,  comprised  of  three  exons,  is  located 
between  the  insulin-like  growth  factor  2  ( IGF2 )  gene 
and  the  tyrosine  hydroxylase  ( TH )  gene  in  chromosome 
llpl5.  The  PstI  polymorphism  is  located  in  the  3'  UTR 
INS.  Given  the  likely  role  of  the  3'  UTR  in  mRNA 
stability,  it  is  possible  that  this  polymorphism  is 
playing  a  direct  role  in  altering  insulin  physiology 
which  ultimately  contributes  to  prostate  carcinogen¬ 
esis.  However,  tight  linkage  disequilibrium  has  also 
been  observed  in  the  region  of  the  INS  gene  [10]  and  so 
it  is  also  possible  that  the  PstI  C  allele  is  linked  to  the 
disease-associated  haplotype.  In  this  case,  further 
investigations  must  be  completed  to  define  the  specific 
alteration  which  leads  to  prostate  cancer  in  men. 

Despite  the  fact  that  both  our  study  as  well  as  the  Ho 
et  al.  [8]  observed  similar  increases  in  risk  of  prostate 
cancer  associated  with  the  PstI  INS  C  allele,  there 
are  some  differences  in  our  study  designs  and  results 
that  should  be  noted.  The  cases  and  controls  in  the 


TABLE  II.  Distribution  of  INS  PstI  Genotypes  and  Other  Characteristics  by  Case/Control  Status  and  Associated  Odds  Ratios 
for  Prostate  Cancer  Diagnosis  With  95%  Confidence  Intervals 


Data  source 

INS  PstI  genotype 

Prostate  cancer  cases 

Disease-free  controls 

Odds  ratio  (95%  Cl) 

FMHS  data 

CC 

104  (83.9%) 

262  (76.6%) 

1.59  (0.93-2. 72)a 

TC 

19  (15.3%) 

78  (22.8%) 

— 

TT 

1  (0.8%) 

2  (0.6%) 

— 

Ho  et  al.  [8] 

African-American  men 

CC 

78  (81.3%) 

48  (71.6%) 

1.72  (0.82-3.59)a 

TC 

17  (17.7%) 

18  (26.9%) 

— 

TT 

1  (1.0%) 

1  (1.5%) 

— 

Pooled  data 

CC 

182  (82.7%) 

310  (76.8%) 

1.53  (1.01-2.32) 

TC  or  TT 

38  (17.3%) 

99  (24.2%) 

— 

aOdds  ratio  compares  CC  genotype  to  TC  and  TT  genotypes  combined. 
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New  York  City  study  were  identified  in  a  clinic  setting 
and  were  matched  by  birth  year,  race  and  country  of 
origin.  The  FMHS  is  a  community-based  study  in 
which  controls  were  identified  using  probability  sampl¬ 
ing  minimizing  the  potential  for  selection  bias.  How¬ 
ever,  one  possible  limitation  of  our  study  was  that  only 
approximately  50%  of  interviewed  subjects  ultimately 
completed  all  aspects  of  the  clinical  examination  for 
prostate  cancer  in  the  first  wave  of  the  study,  which 
may  introduce  bias  due  to  non-participation.  Heeringa 
et  al.  [11]  examined  the  potential  selection  bias  due  to 
non-participation  that  may  have  occurred  in  the  FMHS 
and  observed  that  men  who  completed  all  aspects  of 
the  study  protocol  were  younger,  more  likely  to  be 
experiencing  urological  symptoms  and  were  more 
likely  to  have  a  family  history  or  prostate  cancer  com¬ 
pared  to  those  men  who  did  not  undergo  clinical 
examination.  The  high  rate  of  prostatectomy  among  the 
FMHS  cases  (data  not  shown)  suggests  that  the  FMHS 
cases  may  have  earlier  stage  disease  compared  to  the 
target  population.  Because  prostate  cancer  is  a  late- 
onset  disease,  both  our  study  and  that  of  Ho  et  al.  [8] 
may  have  enrolled  men  as  controls  who  will  ultimately 
be  diagnosed  with  prostate  cancer.  However,  in  case- 
control  studies,  the  selection  of  controls  from  the  same 
or  similar  reference  population  assumes  that  these  in¬ 
dividuals  to  some  unknown  degree  may  later  be  diag¬ 
nosed  as  cases. 

The  Ho  et  al.  [8]  study  revealed  that  the  strongest 
association  between  INS  genotype  and  prostate  cancer 
was  in  non-diabetic  men  who  were  over  55  years  of  age. 
The  men  who  were  homozygous  CC  also  were  more 
likely  to  be  older  and  have  a  moderately  to  well- 
differentiated  cancer  (Gleason  score  <7).  In  contrast,  no 
relationship  between  INS  genotype  and  prostate  cancer 
age  at  diagnosis  or  Gleason  score  was  detected  in  the 
FMHS,  and  the  OR  attributed  to  the  CC  genotype  was 
higher  among  diabetics  in  the  FMHS.  As  the  majority  of 
FMHS  cases  presented  with  earlier  stage  disease,  it  is 
possible  there  was  not  enough  variation  in  our  sample 
for  us  to  detect  an  association  between  INS  genotype 
and  prostate  cancer  severity.  Racial  differences  is 
the  prevalence  of  exposure  could  account  for  the  dis¬ 
crepancies  observed  by  diabetes  status.  Larger  studies 
of  multiethnic  cohorts  are  necessary  to  further  elucidate 
these  potential  relationships. 

In  conclusion,  members  of  the  insulin  gene  family 
have  become  intriguing  candidates  for  genetic  studies 
of  prostate  cancer  susceptibility.  Although  the  relation¬ 
ships  between  diabetes,  insulin  levels,  insulin  resis¬ 
tance,  and  obesity  are  complex,  molecular  studies 
performed  in  the  context  of  carefully  designed  epide¬ 
miological  studies  have  the  opportunity  to  tease  out 
potential  associations.  Our  study  provides  some  con¬ 


firmation  to  the  investigation  conducted  by  Ho  et  al.  [8] 
in  that  the  observed  risk  associated  with  the  Pstl  INS 
CC  genotype  in  African-American  men  was  similar  to 
the  results  from  their  investigation  conducted  in  a 
multiethnic  population.  More  thorough  studies  of 
germline  variants  in  this  region  will  uncover  the  true 
causative  mutation  that  may  play  a  role  in  prostate 
carcinogenesis  directly  or  indirectly  through  insulin 
action. 
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A  major  problem  with  the  use  of  serum  prostate-specific  antigen  (PSA)  in  predicting  prostate  cancer 
risk  is  the  considerable  variability  of  such  measurements.  Cramer  et  al.  identified  a  set  of  single¬ 
nucleotide  polymorphisms  (SNPs)  in  the  upstream  regulatory  region  of  the  PSA  gene  that  were  each 
associated  with  increased  promoter  activity  and  serum  PSA,  further  suggesting  that  genotyping  these 
SNPs  could  be  useful  in  improving  the  predictive  value  of  PSA  screening.  In  order  to  replicate  this 
finding,  DNA  samples  from  475  African-American  men  were  genotyped  for  the  same  SNPs  and  no 
association  was  observed  with  either  serum  PSA  level  or  prostate  cancer  diagnosis. 
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Introduction 

Prostate  cancer  is  the  most  common  cancer  diagnosed 
among  men  in  the  US  with  an  expected  232000  new 
cases  in  2005.  1  In  addition  to  increasing  age  and  family 
history,  race  is  one  of  the  most  important  recognized  risk 
factors  for  the  disease.2  African-American  men  have  an 
approximately  1.6-fold  greater  chance  of  being  diag¬ 
nosed  with  prostate  cancer  compared  to  Caucasian  men 
and  a  2.4-fold  greater  chance  of  dying  from  the  disease.1 
There  are  multiple  variables  that  likely  contribute  to  the 
racial  disparity  in  both  incidence  and  mortality  including 
genetic,  environmental,  and  sociological  factors. 

Prostate-specific  antigen  (PSA)  was  first  proposed  as  a 
serum  marker  for  the  early  detection  of  prostate  cancer 
nearly  29  years  ago.3  PSA  is  a  serine  protease  that  is 
expressed  in  both  normal  prostate  epithelium  as  well  as 
prostate  cancer.  Although  serum  PSA  elevations  greater 
than  4.0ng/ml  are  associated  with  prostate  cancer,  the 
positive  predictive  value  (PPV)  of  a  serum  PSA  value 
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between  4.0  and  lOng/ml  is  only  20-30%,  although  the 
PPV  rises  to  40-70%  for  serum  PSA  values  greater  than 
10ng/ml.4  A  recent  analysis  of  data  from  the  Prostate 
Cancer  Prevention  Trial  (PCPT)  has  demonstrated  that 
prostate  cancer  can  also  be  diagnosed  in  men  with  PSA 
values  generally  considered  to  be  in  the  normal  range.  In 
the  PCPT,  approximately  15%  of  men  with  normal  digital 
rectal  examinations  and  PSA  values  consistently  under 
4.0ng/ml  over  a  period  of  7  years  were  determined  to 
have  prostate  cancer  on  biopsies  performed  at  the  end  of 
the  study.5  Clearly,  more  research  needs  to  be  done  to 
improve  the  use  of  serum  PSA  as  a  screening  test  for 
prostate  cancer  in  asymptomatic  men. 

Transcriptional  regulation  of  the  PSA  gene  is  mediated 
through  binding  of  the  androgen  receptor  to  regions  of 
the  promoter  containing  androgen  response  elements 
(AREs).6  In  2003,  Cramer  et  al.  reported  that  specific 
germline  genetic  polymorphisms  in  the  promoter  region 
of  the  PSA  gene  were  associated  with  higher  serum  PSA 
levels  among  409  Caucasian  male  subjects  (mean  age  63.7 
years).  They  further  suggested  that  these  polymorphisms 
may  be  useful  in  refining  the  recommendations  for  use  of 
serum  PSA  levels  for  prostate  cancer  screening. 
Given  the  importance  of  prostate  cancer  in  African- 
American  men,  we  set  out  to  explore  the  potential 
association  between  selected  functional  single-nucleotide 
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polymorphisms  (SNPs)  in  the  PSA  gene  with  serum  PSA 
levels  and  prostate  cancer  risk  using  samples  from  the 
Flint  Men's  Health  Study. 

Materials  and  methods 

The  Flint  Men's  Health  Study  (FMHS)  is  a  community- 
based  study  of  prostate  cancer  in  African-American  men 
between  the  ages  of  40  and  79  years.  In  1996,  730  men 
were  recruited  to  participate  in  the  study  from  a 
probability  sample  residing  in  the  city  of  Flint  and 
surrounding  communities  in  Genesee  County,  Michigan. 
Subjects  completed  a  detailed  in-home  interview  that 
collected  information  on  sociodemographics,  potential 
risk  factors  for  prostate  cancer,  and  a  complete  medical 
history.  Subjects  were  also  asked  to  participate  in  a 
clinical  examination  which  included  measurement  of 
serum  PSA  (free  and  total)  and  a  comprehensive  urologic 
examination.  Exam  participants  were  asked  to  refrain 
from  sexual  activity  for  at  least  24  h  prior  to  the  blood 
draw  and  all  venipuncture  was  performed  before  referral 
for  digital  rectal  exam  as  both  may  cause  transitory 
increases  in  PSA  level.  Men  with  an  elevated  total  PSA 
(^4.0ng/ml)  or  an  abnormal  digital  rectal  exam  were 
referred  for  prostate  biopsy.  Of  the  730  men  who 
completed  the  initial  interview,  379  participated  in  the 
clinical  exam.  A  total  of  10  subjects  were  diagnosed  with 
prostate  cancer  as  a  consequence  of  the  protocol  which 
resulted  in  a  final  control  sample  of  369  men.  Attempts 
were  made  to  follow  the  study  participants  and  in  the  5 
years  after  control  recruitment,  an  additional  18  control 
men  were  diagnosed  with  prostate  cancer.  Four  controls 
with  a  total  PSA  level  greater  than  9.0ng/ml  were  also 
excluded  from  the  analysis  following  the  analysis  plan  of 
Cramer  et  al.7  A  sufficient  DNA  sample  was  available  for 
genotyping  on  339  of  the  remaining  controls. 

Cases  were  recruited  from  the  same  community  from 
1999  to  July  2002.  Men  who  were  between  the  ages  of  40 
and  79  years  at  the  time  of  prostate  cancer  diagnosis 
(between  1995  and  2002)  were  eligible  to  participate  in 
the  study.  Cases  also  completed  a  detailed  epidemiologic 
interview  and  provided  a  blood  sample.  Medical  records 
were  reviewed  to  extract  information  related  to  prostate 
cancer  diagnosis  including  clinical  and  pathologic  stage, 
Gleason  grade,  prediagnostic  PSA,  and  treatment.  A  total 
of  136  cases  were  ultimately  recruited  to  participate  in 
the  study.  Informed  consent  was  obtained  from  all  study 
participants  and  the  research  protocol  has  been  approved 
by  the  Institutional  Review  Board  of  the  University  of 
Michigan.  For  both  cases  and  controls,  genomic  DNA 
was  isolated  from  whole  blood  using  the  Puregene  DNA 
Purification  Kit  (Gentra  Systems,  Minneapolis,  MN,  USA). 

SNP  selection  and  genotyping  methods 
Three  SNPs  in  the  5'  promoter  region  of  the  PSA  gene 
were  selected:  -4643  A/G  (rs925013),  -5412  T/C 
(rs2739448),  and  -5429  T/G  (rs2569733).  Each  of  these 
SNPs  were  present  at  greater  than  5%  frequency  in  a 
Caucasian  sample  and  also  were  shown  to  be  associated 
with  PSA  levels.7  For  the  -4643  A/G  (rs925013)  SNP, 
Assays  on  Demand  SNP  genotyping  products  (Applied 
Biosystems,  Foster  City,  CA,  USA)  were  used.  These 
consist  of  a  20  x  mixture  of  PCR  primers  and  dye  labeled 
TaqMan  MGB  probes  designed  to  genotype  a  specific 


SNP  within  a  given  sequence.  PCR  reactions  were 
performed  in  a  384-well  plate  format  with  2.25  pi  of 
genomic  DNA  (4ng//d),  0.25  pi  20  x  SNP  Genotyping 
Assay  Mix,  1.0  pi  5x  Real  Time  Ready  Mastermix 
(Qbiogene,  Montreal,  Canada),  and  1 .5  pi  dH20  for  a 
total  reaction  volume  of  5.0  pi.  For  the  remaining  two 
SNPSs,  Assays  by  Design  SNP  genotyping  products 
(Applied  Biosystems,  Foster  City,  CA,  USA)  were 
employed.  These  assays  were  custom-designed  and 
produced  based  upon  target  sequence  submission  by 
using  Assay  by  Design  File  Builder  (Applied  Biosystems, 
Foster  City,  CA,  USA).  PCR  reactions  were  performed  in 
a  384-well  plate  format  with  2.375  pi  of  genomic  DNA 
(4ng//d),  0.125  pi  40  x  SNP  Genotyping  Assay  Mix, 
1.0  pi  5x  Real  Time  Ready  Mastermix  (Qbiogene, 
Montreal,  Canada),  and  1.5  pi  dH20  for  a  total  reaction 
volume  of  5.0  pi.  Assays  were  optimized  to  use  a 
universal  thermal  cycling  protocol  with  an  initial  hold 
at  95  °C  for  10  min  followed  by  40  cycles  at  92°C  for  15  s 
and  a  combined  annealing  extension  step  of  60°C  for 
1  min.  Allelic  discrimination  was  then  performed  on  ABI 
Prism  7900  HT  Sequence  Detection  System  and  analyzed 
using  SDS  2.1  software  (Applied  Biosystems,  Foster  City, 
CA,  USA).  At  least  23%  of  the  sample  set  was  duplicated 
on  this  platform  for  verification  of  results. 

Validation  of  results 

Validation  by  restriction  enzyme  digest  was  performed 
on  15%  of  the  sample  set  for  the  -4643  A/G  (rs925013) 
SNP.  PCR  primers  (5'  CAGGGATTATCTTCAGCACTTA- 
CA  3',  5'ACTGGCCAGCTGGGAATAGAGATA  3')  were 
designed  using  Primer  Select  software  (DNASTAR  Inc., 
Madison,  WI,  USA)  and  purchased  from  Invitrogen  Life 
Technologies  (Carlsbad,  CA,  USA).  Each  reaction  con¬ 
tained  5.0  /d  10  x  PCR  buffer,  1.0  pi  50  mM  MgCl2,  1.0  pi 
10  mM  dNTPs,  5.0  pi  each  of  the  two  PCR  primers  at  5  pM, 
2.0  /d  genomic  DNA  at  20ng//(l,  0.5  pi  Platinum  Tap 
Polymerase  (Invitrogen  Life  Technologies),  and  30.5  pi 
ddH20  for  a  total  reaction  volume  of  50.0  pi.  PCR 
products  were  digested  using  40.0  pi  PCR  product, 
2.0  pi  Ncol  restriction  enzyme,  5.0  pi  10  x  NE  Buffer  #4 
(New  England  Biolabs  Inc.,  Beverly,  MA,  USA),  and 
3.0  /d  ddH20  for  a  total  reaction  volume  of  50.0  pi. 
Samples  were  placed  in  a  37°C  water  bath  and  allowed  to 
incubate  for  at  least  4h.  Digested  products  were 
analyzed  on  3%  agarose  gels. 

Validation  by  direct  sequencing  was  performed  on 
14%  of  the  sample  set  for  the  5412  T/C  (rs2739448),  and 
-5429  T/G  (rs2569733)  SNPs.  For  direct  sequence  analy¬ 
sis,  PCR  products  were  purified  using  Montage  PCR 
Centrifugal  Filter  Devices  (Millipore,  Billerica,  MA, 
USA).  Cycle  sequencing  was  performed  in  the  forward 
direction  using  Big  Dye  Terminator  Chemistries  (Ap¬ 
plied  Biosystems,  Foster  City,  CA,  USA).  Cycle  sequen¬ 
cing  reactions  were  purified  using  Performa  DTR  Gel 
Filtration  Cartridges  (Edge  Biosystems,  Gaithersburg, 
MD,  USA)  and  were  sequenced  using  an  ABI  3100 
Genetic  Analyzer. 

Statistical  analysis 

For  each  SNP,  the  observed  genotype  distribution  was 
tested  for  consistency  with  Hardy- Weinberg  equilibrium 
expectations  using  Pearson's  y1  test  (SAS  version  8.2, 
Cary  NC,  USA).  Lewontin's  D'  statistic  was  calculated  to 
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estimate  the  strength  of  linkage  disequilibrium  between 
all  possible  pair-wise  combinations  of  SNPs  using  the 
computer  software  GOLD  (www.sph.umich.edu/csg/ 
abecasis/GOLD/index.html).8  PSA  levels  in  our  popula¬ 
tion  were  not  normally  distributed  after  adjustment  for 
age  at  clinical  exam  and  genotype.  Similar  to  Cramer 
et  al.,  a  log  base-10  (loglO)  transformation  was  performed 
on  the  PSA  levels  in  order  to  satisfy  distributional 
assumptions.  Analysis  of  variance  was  performed  to 
evaluate  differences  in  mean  values  for  loglO  total  PSA, 
loglO-free  PSA,  and  ratio  of  free  to  total  PSA  levels  by 
genotype  for  each  SNP  adjusting  for  age.  Since  homo¬ 
zygosity  for  the  least  prevalent  allele  was  rare  in  our 
study  population  (<1%),  the  reported  P-values  were 
calculated  based  on  tests  comparing  the  outcome 
measurements  for  heterozygotes  and  homozygotes  for 
the  least  prevalent  allele  to  homozygotes  for  the  most 
prevalent  allele  for  each  SNP.  The  least-square  means  for 
loglO  total,  loglO-free  PSA,  and  the  ratio  of  free  to  total 
PSA  were  calculated  for  each  genotype.  Logistic  regres¬ 
sion  models  were  used  to  test  whether  each  SNP  was 
associated  with  prostate  cancer.  Finally,  haplotype 
frequencies,  the  association  between  haplotypes  and 
the  PSA  outcome  variables  adjusted  for  age,  and  the 
association  between  haplotypes  and  prostate  cancer  were 
evaluated  using  the  program  Haplo.Stat.9 


Results 

The  genotype  distributions  for  each  of  the  three  SNPs 
were  found  to  be  consistent  with  expected  Hardy- 
Weinberg  equilibrium  proportions  in  both  the  case  and 
control  samples  (data  not  shown).  The  observed  geno¬ 
type  frequencies  of  the  selected  PSA  promoter  SNPs 
among  the  FMHS  339  control  and  136  case  participants 
are  reported  in  Table  1.  Men  who  were  homozygous  for 
the  less  prevalent  allele  were  rare  in  this  study  popula¬ 
tion.  All  three  SNPs  were  in  near  perfect  linkage 
disequilibrium  (P<  0.0001  for  all  pairs),  with  pair-wise 
D'  estimates  of  0.95,  0.97,  and  0.99  for  the  pairings  (-4643, 
-5412),  (-4643,  -5429)  and  (-5412,  -5429),  respectively. 

No  significant  differences  in  the  frequencies  of  each  of 
the  three  SNPs  were  observed  between  prostate  cancer 
cases  and  controls  (Table  2).  Just  one  prostate  cancer  case 
(0.7%)  and  one  control  individual  (0.3%)  were  deter¬ 
mined  to  be  homozygous  for  the  least  prevalent  allele  for 
all  three  SNPs.  Approximately  15-16  %  of  cases  and  18- 
19%  of  controls  were  heterozygotes  for  the  three  SNPs. 
Consistent  with  the  analyses  of  PSA  levels,  statistical 
significance  estimates  for  the  case/ control  analyses 
(Table  2)  reflect  the  results  of  single  degree-of-freedom 
tests  comparing  the  odds  of  being  a  case  for  individuals 
heterozygous  or  homozygous  for  the  least  prevalent 


Table  1  Frequency  of  three  SNPs  in  the  PSA  gene  promoter  region 
among  African-American  men 


Location  of  SNP 

Nucleotide 

change 

%  Control 
chromosomes 
carrying  variant 
(n  =  2  x  339) 

%  Case 
chromosomes 
carrying  variant 
(n  =  2  x  136) 

-4643:rs925013  (Ncol) 

A  to  G 

9.3  (63/678) 

8.8  (24/272) 

-5412:rs2739448(BsfU7) 

T  toC 

9.3  (63/678) 

8.8  (24/272) 

-5429:rs2569733  (FokI) 

T  to  G 

9.9  (67/678) 

8.5  (23/272) 

Table  2  Frequencies  of  selected  SNPs  in  the  promoter  region  of  the 
PSA  gene  among  136  men  with  prostate  cancer  and  339  healthy 
control  men  participating  in  the  FMHS 


SNP/genotype 

Prostate 

cancer  cases 

N  (%) 

Controls a 

N  (%) 

ORb  (95%  Cl) 

-4643:rs925013  (Ncol) 
AA 

AG 

GG 

113  (83.1) 
22  (16.2) 

1  (0.7) 

277  (81.7) 
61  (18.0) 

1  (0.3) 

0.91  (0.54-1.55) 

-5412:rs2739448  (BsfUI) 
TT 

TC 

CC 

113  (83.1) 
22  (16.2) 

1  (0.7) 

277  (81.7) 
61  (18.0) 

1  (0.3) 

0.54  (0.47-1.55) 

-5429:rs256733  (Fokl) 

TT 

TG 

GG 

114  (83.8) 

21  (15.4) 
1(0.7) 

273  (80.5) 
65  (19.2) 

1  (0.3) 

0.80  (0.47-1.36) 

aControls  with  a  serum  PSA  level  of  3*9.0ng/ml  were  excluded. 
bOdds  ratio  (OR)  comparing  individuals  with  at  least  one  copy  of  the  rare 
allele  (heterozygotes  or  homozygotes)  compared  to  individuals  who  were 
homozygotes  for  the  more  prevalent  allele. 


allele  to  individuals  with  the  most  frequent  allele.  The 
case /control  haplotype  analyses  failed  to  detect  signifi¬ 
cant  differences  in  haplotype  frequencies  between  cases 
and  controls  (global  score  statistic  =  0.81,  P  =  0.66;  data 
not  shown). 

Age-specific  PSA  ranges  for  control  subjects  partici¬ 
pating  in  the  FMHS  have  been  previously  reported.10  No 
associations  were  observed  between  different  genotypes 
in  selected  SNPs  in  the  promoter  region  of  the  PSA  gene 
with  loglO  total  PSA  levels,  loglO  free  PSA  levels,  or  the 
ratio  of  free  to  total  PSA  (Table  3).  Men  with  the  GT 
genotype  at  -5429  SNP  had  similar  total  PSA  levels 
compared  to  men  with  the  TT  genotype.  Likewise,  total 
PSA  levels  among  men  with  the  AG  genotype  in  -5412 
SNP  were  similar  to  men  with  the  AA  genotype.  Since 
SNPs  -4643  and  -5412  were  in  almost  perfect  linkage 
disequilibrium,  serum  free  and  total  PSA  levels  for  each 
genotype  in  -4643  were  nearly  identical  to  those 
observed  at  SNP  -5412.  Of  note,  the  individual  who 
was  homozygous  for  the  rare  allele  at  all  three  SNPs  in 
this  study  had  a  higher  PSA  than  the  mean  values  for 
each  of  the  other  genotypes. 

In  order  to  examine  whether  specific  combinations  of 
allelic  variants  were  associated  with  serum  PSA  levels, 
we  performed  haplotype-based  association  analyses 
(Table  4).  The  frequency  of  haplotypes  -5429T/-5412T/ 
4643 A  and  -5429G/-5412C/4643G  were  approximately 
90  and  9%,  respectively.  No  significant  differences  in 
loglO  total  PSA,  loglO  free  PSA,  or  ratio  of  free  to  total 
PSA  levels  were  observed  between  the  three  selected 
haplotypes. 


Discussion 

Cramer  et  al.  7  reported  that  three  polymorphisms  (-4643 
A/G,  -5412  T/C,  and  -5429  T/G)  located  at  the  far  5' 
upstream  region  of  the  promoter  were  significantly 


Prostate  Cancer  and  Prostatic  Diseases 


21 


Polymorphisms  in  prostate-specific  antigen  gene  and  serum  PSA 

JL  Beebe-Dimmer  et  al 


Table  3  Least-square  means,  adjusted  for  age,  of  loglO  total  PSA,  loglO  free  PSA,  and  the  ratio  of  free  to  total  PSA  by  genotype  in  PSA 
promoter  region  SNPs  among  339  control  participants  of  FMHSaSNP/genotypeb 


N  (%) 

Mean  log  (total 
PSA  ng/ml) 

(s.d.) 

P-valuec 

Mean  log  (free 
PSA  ng/ml) 

(s.d.) 

P-value 

Ratio  free:total 
PSA  (s.d.) 

P -value 

-4643:rs925013  (Ncol) 

AA 

AG 

GG 

277  (81.7) 

61  (18.0) 

1  (0.3) 

-0.039  (0.394) 
-0.048  (0.289) 
0.613  (N/A) 

0.88 

-0.637  (0.345) 
-0.650  (0.230) 
-0.268  (N/A) 

0.98 

0.272  (0.106) 
0.268  (0.099) 
0.132  (N/A) 

0.65 

-5412:rs2739448  (BstVI) 

XT 

TC 

CC 

277  (81.7) 

61  (18.0) 

1  (0.3) 

-0.040  (0.394) 
-0.046  (0.0.294) 
0.613  (N/A) 

0.86 

-0.636  (0.344) 
-0.652  (0.301) 
-0.268  (N/A) 

0.90 

0.273  (0.106) 
0.265  (0.099) 
0.132  (N/A) 

0.50 

-5429:rs256733  (Fokl) 

XT 

TG 

GG 

273  (80.5) 

65  (19.2) 

1  (0.3) 

-0.037  (0.393) 
-0.057  (0.305) 
0.613  (N/A) 

0.89 

-0.635  (0.345) 
-0.655  (0.303) 
-0.268  (N/A) 

0.80 

0.272  (0.105) 
0.271  (0.104) 
0.132  (N/A) 

0.84 

aMen  with  a  serum  PSA  level  of  >9.0  ng/ml  were  excluded. 
bNucleotide  position  relative  to  the  transcription  start  site. 

cAge-adjusted  comparison  between  men  who  are  heterozygotes  or  homozygotes  for  the  least  prevalent  allele  compared  to  men  who  are  homozygotes  for  the 
most  prevalent  allele. 


Table  4  Association  between  PSA  promoter  haplotypes  and  loglO  total  PSA  and  loglO  free  PSA  levels  in  339  controls 


Haplotype 

Allele 

LoglO  total  PSA 

LoglO  free  PSA 

PSA  ratio 

-5429  T/G 
SNP 

-5412  T/C 
SNP 

-4643  A/G 
SNP 

Estimated 

frequency 

Score a 

Pb 

Score a 

Pb 

Scorea 

Pb 

1 

T 

T 

A 

0.900 

-0.21 

0.83 

0.11 

0.91 

0.37 

0.72 

2 

G 

C 

G 

0.091 

0.37 

0.71 

-0.10 

0.92 

-0.71 

0.46 

3C 

G 

C 

A 

0.003 

NA 

NA 

NA 

NA 

NA 

NA 

4C 

G 

T 

A 

0.003 

NA 

NA 

NA 

NA 

NA 

NA 

5C 

G 

T 

G 

0.003 

NA 

NA 

NA 

NA 

NA 

NA 

Global 

0.34 

0.84 

0.01 

0.99 

A  significant  P-value  and  a  positive  (negative)  score  for  a  particular  haplotype  would  have  suggested  that  the  haplotype  was  associated  with  increased 

(decreased)  levels  of  the  PSA  outcome  variable. 

aHAPLO.SCORE  (http://www.mayo.edu/statgen)  program  statistic. 

by2  test  of  the  score  test  statistic.  PSA  level  adjusted  for  age. 

cGiven  rarity  of  haplotype,  haplotype  not  evaluated  in  statistical  tests  of  association. 

NA,  not  available. 


associated  with  increased  PSA  levels  using  samples  from 
Caucasian  asbestos  workers  participating  in  a  study  of 
asbestos  exposure  and  lung  disease.  The  three  SNPs  were 
moderately  prevalent  in  the  population,  with  approxi¬ 
mately  21-23%  of  men  carrying  the  variant  allele,  and  the 
SNPs  were  shown  to  be  in  strong  linkage  disequilibrium. 
Further  analysis  revealed  that  the  -5429T/-5412T/- 
4643 A  haplotype,  which  occurred  in  77%  of  the  popula¬ 
tion,  was  associated  with  significantly  lower  serum  PSA 
levels  (P< 0.001),  while  the  -5429G/-5412C/-4643G 
haplotype  occurring  in  20%  of  the  population  was 
associated  with  higher  PSA  (P  =  0.009).  In  our  study  of 
a  cohort  of  339  African-American  men  between  the  ages 
of  40  and  79  years  with  PSA  levels  less  than  9  ng /  ml  and 
no  known  diagnosis  of  prostate  cancer,  one  haplotype  (- 
5429T/— 5412T/-4643A)  was  detected  in  90%  of  the 
population  and  no  relationship  was  detected  between 
any  haplotype  and  PSA  level.7 

A  number  of  studies  have  examined  associations 
between  genetic  polymorphisms  in  the  PSA  gene,  PSA 
levels,  and  prostate  cancer  risk.  The  PSA  gene  is  a 
member  of  a  family  of  15  kallikrien  genes  clustered  on 


chromosome  19ql3.3-13.4.n  Activity  of  the  gene  and 
expression  of  PSA  is  largely  mediated  through  androgen 
responsive  elements  (AREs)  located  in  the  proximal 
promoter  and  5'  upstream  enhancer.6  Rao  et  al.  initially 
identified  a  single  SNP  within  the  region,  a  G/A 
substitution  at  —158  bp  in  the  ARE  I.  It  was  subsequently 
reported  that  possession  of  the  A  allele  was  associated 
with  increased  serum  PSA.13'14  However,  the  associations 
between  the  ARE  I  polymorphism  with  either  PSA  levels 
have  not  been  consistent.15-  7  In  a  study  of  518  men,  Xu 
et  al.  reported  no  association  between  polymorphisms  in 
ARE  I  and  PSA  levels.  The  authors  suggest  that 
possession  of  the  G  allele  was  associated  with  increased 
serum  PSA  among  white  men  participating  in  their 
study,  but  also  note  that  the  highest  serum  PSA  levels 
among  black  subjects  were  observed  with  the  AA 
genotype.  Furthermore,  Rao  et  al.  found  no  difference 
in  serum  PSA  associated  with  the  ARE  I  genotype 
(P  =  0.79).  Both  studies  also  examined  the  relationship 
between  the  ARE  I  genotype  and  polymorphisms  in  the 
androgen  receptor  gene  and  with  PSA  and  observed  no 
significant  interaction  in  contrast  to  other  reports.18 
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The  A  allele  at  nucleotide  position  —158  has  also  been 
associated  with  prostate  cancer  risk  in  some  studies,14'19 
but  not  in  all.17  It  is  worth  noting  that  some  studies 
report  that  overall  risk  appears  higher  among  men  with 
the  AA  genotype,  and  there  are  other  publications 
showing  that  the  GG  genotype  is  associated  with 
development  of  advanced  cancer.  Xue  et  al ,18  observed 
a  higher  frequency  of  the  GG  PSA  genotype  among  men 
with  advanced  prostate  cancer  (evidence  of  extrapro¬ 
static  extension,  invasion  into  surrounding  tissue,  nodal 
involvement,  and/or  metastatic  disease)  (OR  =  2.90;  95% 
Cl  =  1.24-6.78).  A  study  conducted  in  China  recently 
reported  the  GG  PSA  genotype  was  associated  both  with 
prostate  cancer  risk  overall  (OR  =  2.27;  P  =  0.008)  and 
also  with  greater  tumor  volume  and  higher  pathologic 
stage.20  The  GG  genotype  has  also  been  observed  more 
frequently  among  patients  with  a  Gleason  grade  of  7  and 
higher.19  The  inconsistency  in  reported  observations  with 
respect  to  the  —158  SNP  in  ARE  I  of  the  PSA  gene  are  due 
in  part  to  differences  in  the  racial  and  ethnic  composition 
of  eligible  study  subjects.  For  example,  the  GG  genotype 
at  the  —158  SNP  is  seen  in  24%  of  African-Americans 
men,13  29%  of  Non-Hispanic  white  men,13  61%  of 
Japanese  men,17  and  62%  of  Chinese  men.20  This  fact, 
coupled  with  relatively  sample  size  of  the  study 
populations,  may  contribute  to  the  differing  results 
between  the  ARE  I  SNP  and  both  serum  PSA  level  as 
well  as  prostate  cancer  diagnosis.  Importantly,  the  —158 
SNP  has  been  shown  using  in  vitro  assays  to  have  no 
effect  on  PSA  gene  promoter  activity.12 

Using  samples  from  a  community-based  study  of 
African-American  men  from  the  FMHS,  we  elected  to 
focus  on  the  three  PSA  promoter  SNPs  (-4643  A/G,  - 
5412  T/C,  and  -5429  T/G)  upstream  from  the  —158  A/G 
SNP  discussed  above.  Using  transfection  assays  into  the 
human  prostate  cancer  cell  line  LNCaP,  luciferase 
reporter  constructs  containing  either  the  G  substitution 
at  —4643  (along  with  a  T  at  both  position  —5429  and 
—5412)  or  a  combination  of  the  C  substitution  at  position 
—5412  and  the  G  substitution  at  position  —5429  (along 
with  an  A  at  position  —4642)  each  showed  more  potent 
promoter  activity  using  transient  compared  to  constructs 
with  the  alternative  nucleotide  at  the  respective  poly¬ 
morphic  site.7  In  addition  to  the  in  vitro  evidence  that 
these  variants  were  functionally  important,  all  three 
SNPs  were  shown  by  Cramer  et  al.  to  be  in  tight  linkage 
disequilibrium  with  the  —158  ARE  I  polymorphisms. 
However,  in  our  study,  we  were  unable  to  detect 
evidence  that  these  genetic  polymorphisms  were  asso¬ 
ciated  with  either  total  or  free  serum  PSA  levels.  The 
observed  frequency  of  the  functional  alleles  of  interest  in 
our  study  population  were  approximately  half  ( — 10  vs 
—  20%)  of  that  reported  among  white  men  in  the  Cramer 
study. 

There  are  distinct  differences  in  the  design  of  each  of 
these  studies  that  might  account  for  some  of  the 
inconsistency  between  findings.  The  primary  aim  of  the 
investigation  conducted  by  Cramer  and  co-workers  was 
to  examine  the  relationship  between  occupational  asbes¬ 
tos  exposure  and  lung  disease  among  asbestos-exposed 
workers.  Serum  PSA  was  drawn  initially  to  examine  the 
relationship  between  asbestos  exposure  and  prostate 
cancer  risk  and  it  is  unknown  if  blood  was  drawn  at  the 
same  time  of  the  day  for  each  participant.  Evidence 
suggests  that  there  is  significant  diurnal  variability  in 


PSA  levels  among  men  with  and  without  prostate 
disease  and  the  variation  is  unpredictable.21'22  The  FMHS 
protocol  required  blood  draws  for  all  participants 
between  0900  and  1100  hours  to  reduce  the  impact  of 
temporal  variability  of  results.  Furthermore,  because  the 
participants  of  Cramer  et  al.  were  selected  for  inclusion 
into  the  study  based  upon  their  occupation,  it  is  possible 
that  some  exposure  unique  to  their  occupation,  whether 
asbestos  or  another  substance,  might  alter  their  PSA 
levels.  However,  it  is  also  possible  that  the  findings 
represent  real  racial /ethnic  differences  in  the  prevalence 
and  importance  of  these  SNPs  in  influencing  PSA  and 
the  utility  of  these  SNPs  in  predicting  PSA  and/or 
prostate  cancer  risk  in  Caucasian  populations  may  be 
greater  than  in  African  Americans.  Further  study  is 
required  before  any  firm  conclusions  can  be  drawn  with 
respect  to  these  SNPs  in  any  population. 

There  are  limitations  in  our  study  which  must  be 
discussed  in  the  context  of  our  findings.  First,  we  have  a 
relatively  small  sample  size  which  places  some  limita¬ 
tions  on  our  statistical  power  to  detect  small  effects  due 
to  genotype.  Specifically,  given  our  observed  genotype 
frequencies  and  standard  errors  in  loglO  PSA  measure¬ 
ments  by  group,  we  would  have  less  than  80%  power  to 
detect  a  significant  difference  (using  a  =  0.05)  in  PSA 
level  means  between  genotypes  that  is  smaller  than 
approximately  15%.  Second,  we  did  not  genotype  all 
SNPs  within  the  PSA  gene,  therefore  other  SNPs  within 
the  gene  may  be  associated  with  PSA  serum  levels  in 
African  Americans.  We  chose  to  focus  on  three  function¬ 
ally  important  SNPs  in  the  promoter  region  in  the  PSA 
gene  that  have  been  reported  previously  as  being 
associated  with  serum  PSA  levels.  Third,  among  the 
control  subjects,  less  than  60%  of  men  who  completed  the 
initial  epidemiologic  survey  participated  in  the  blood 
draw  and  clinical  examination.  An  analysis  of  the 
potential  selection  bias  as  a  result  of  response  rate  in 
this  population  revealed  that  although  men  who  parti¬ 
cipated  in  all  phases  of  the  study  were  younger,  more 
likely  to  have  a  family  history  of  prostate  cancer  and 
were  likely  to  report  the  presence  of  urologic  symptoms 
than  nonparticipants,  greater  participation  in  the  clinical 
phase  of  the  study  did  not  bias  the  estimated  age-specific 
reference  ranges  for  total  PSA  concentrations.23  Based  on 
these  analyses,  we  have  no  reason  to  believe  that 
participants  and  nonparticipants  differ  systematically 
with  respect  to  their  genetic  background. 

In  conclusion,  our  analysis  of  475  African-American 
men  with  and  without  prostate  cancer  does  not  suggest 
that  SNPs  in  the  5'  upstream  promoter  region  of  the  PSA 
gene  influence  free  or  total  serum  PSA  level.  Moreover, 
we  did  not  demonstrate  an  association  between  these 
polymorphisms  and  prostate  cancer  risk.  The  observed 
prevalence  of  the  alleles  of  interest  in  this  community- 
based  study  were  substantially  lower  than  the  preva¬ 
lence  reported  in  a  study  of  Caucasian  men  published  by 
Cramer  et  al.  Given  the  strong  linkage  disequilibrium 
between  these  SNPs  as  observed  in  both  studies,  it  will 
be  difficult  to  establish  the  independent  contribution  of 
each  polymorphism.  Clearly,  additional  studies  are 
needed  to  determine  the  importance  of  these  SNPs  as 
predictors  of  serum  PSA  levels  and/or  whether  these 
polymorphisms  are  associated  with  prostate  cancer  risk. 
While  enhanced  methods  for  detecting  prostate  cancer  in 
asymptomatic  men  are  clearly  required,  it  is  not  clear 
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that  PSA  promoter  polymorphisms  will  be  able  to 
provide  much  improvement  in  the  current  standard  of 
care  using  serum  measurements  of  PSA. 
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With  the  increasing  incidence  of  prostate  cancer,  identifying 
common  genetic  variants  that  confer  risk  of  the  disease  is 
important.  Here  we  report  such  a  variant  on  chromosome 
8q24,  a  region  initially  identified  through  a  study  of  Icelandic 
families.  Allele  -8  of  the  microsatellite  DG8S737  was 
associated  with  prostate  cancer  in  three  case-control  series 
of  European  ancestry  from  Iceland,  Sweden  and  the  US.  The 
estimated  odds  ratio  (OR)  of  the  allele  is  1 .62  (P  -  2.7  x  10-11). 
About  19%  of  affected  men  and  13%  of  the  general  population 
carry  at  least  one  copy,  yielding  a  population  attributable  risk 
l(PAR)  of  ~8%.  The  association  was  also  replicated  in  an  African 
American  case-control  group  with  a  similar  OR,  in  which 
41  %  of  affected  individuals  and  30%  of  the  population  are 
carriers.  This  leads  to  a  greater  estimated  PAR  (16%)  that  may 
contribute  to  higher  incidence  of  prostate  cancer  in  African 
American  men  than  in  men  of  European  ancestry. 

The  incidence  of  prostate  cancer  has  increased  markedly  over  the  last 
decades  and  is  now  the  most  prevalent  noncutaneous  cancer  in  males  in 
developed  regions  of  the  world1.  The  only  firmly  established  risk  factors 
for  prostate  cancer  are  age,  family  history  of  prostate  cancer  and  ethnic¬ 
ity2,3.  African  Americans  have  among  the  highest  incidence  of  prostate 
cancer  and  mortality  rate  attributable  to  this  disease.  African  Americans 


are  1.6  times  more  likely  to  develop  prostate  cancer,  and  2.4  times  more 
likely  to  die  from  this  disease,  than  European  Americans4.  Genetic  fac¬ 
tors  probably  contribute  to  such  differences,  along  with  a  combination 
of  environmental  factors.  However,  in  spite  of  compelling  evidence  for 
the  role  of  genetics  in  prostate  cancer5,  the  search  for  common  germline 
risk  variants  has  been  largely  unrewarding6. 

In  an  attempt  to  identify  genetic  variants  underlying  risk  of  pros¬ 
tate  cancer,  we  conducted  a  genome- wide  linkage  scan  using  1,068 
microsatellite  markers  typed  for  871  Icelandic  men  with  prostate 
cancer  that  grouped  into  323  extended  families  (see  Methods  and  the 
Supplementary  Note  online).  This  scan  produced  a  suggestive  linkage 
signal  on  chromosome  8q24  with  a  maximum  lod  score  of  2. 1 1  (D8S529 
at  148.25  cM)  (Fig.  la). 

To  refine  the  source  of  this  linkage  signal,  we  genotyped  an  additional 
358  microsatellite  and  indel  markers  spanning  18.6  cM  on  chromosome 
8  from  125-135  Mb  (NCBI  Build  34)  in  869  unrelated  men  with  prostate 
cancer  and  596  population  controls  (case-control  group  I)  (Fig.  la,b). 
We  tested  a  total  of  1,624  alleles.  The  strongest  association  to  prostate 
cancer  was  observed  for  allele  -8  of  the  microsatellite  DG8S737,  with 
an  OR  of  1.79  (P  =  3.0  x  10-6)  (Fig.  lb  and  Table  1).  As  population 
controls  were  used,  the  OR  can  also  be  considered  an  estimate  of  rela¬ 
tive  risk  (RR)  per  copy  carried  based  on  the  multiplicative  model  of 
risk7,8.  This  association  was  replicated  in  a  second  Icelandic  case-con- 
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Figure  1  A  schematic  view  of  the  linkage  and 
association  results,  marker  density  and  LD 
structure  in  a  region  on  chromosome  8q24.21. 

(a)  Linkage  scan  results  for  chromosome 
8q  performed  with  871  Icelandic  men  with 
prostate  cancer  in  323  extended  families. 

(b)  Single-marker  association  results  for 
unrelated  prostate  cancer  cases  (case-control 
group  I,  n  =  869),  using  358  microsatellites 
and  insertions-deletions  (indels)  (blue 
diamonds),  distributed  over  a  10-Mb  region. 

(c)  Single-marker  association  results  for  all 
prostate  cancer  cases  (N  =  1291).  Filled  red 
squares  denote  P values  for  the  63  SNPs  and 
12  microsatellites  added  to  this  region;  blue 
diamonds  denote  the  values  for  the  other 
markers  already  typed  in  this  region  from  b. 

(d)  Pairwise  LD  from  the  CEU  HapMap 
population  for  the  600  kb  region  from  c. 

Filled  gray  triangles  at  the  bottom  indicate  the 
location  of  the  c -MYC  gene  and  the  AW183883 
EST  discussed  in  the  main  text.  A  scale  for  t2 
is  provided  on  the  right.  Black  vertical  lines 
represent  the  density  of  microsatellites  (in  b) 
or  microsatellites  and  SNPs  (in  c)  used  in  the 
association  analysis. 


the  LD  block  that  contains  DG8S737,  captur¬ 
ing  most  of  its  haplotype  diversity,  according 
to  the  CEU  HapMap  data.  Of  these  SNPs,  37 
were  significantly  associated  with  prostate  can¬ 
cer  (P<  0.001),  with  allele  A  of  SNP  rsl447295 
showing  the  strongest  association  (OR  =  1.72, 
P  =  1.7  X  10-9)  (Table  1).  Sixteen  of  the  SNPs 
belong  to  the  same  LD  equivalence  class  (r2  = 
1)  as  rs  1447295  in  the  CEU  HapMap  sample 
and  therefore  showed  comparable  association. 
In  the  Icelandic  samples,  allele  -8  of  DG8S737 
and  allele  A  of  rsl447295  were  substantially 
correlated  (r2  =>  0.5)  (Supplementary  Table  3 
online) .  This  correlation  was  lower  in  the  CEU 
HapMap  sample  (r2  =  0.3),  but  no  other  SNP 
in  the  HapMap  data  had  a  higher  correlation 
(Supplementary  Table  3).  In  other  words,  the 
SNPs  that  were  most  associated  with  allele 
-8  of  DG8S737  are  also  most  associated  with 


trol  group  of  422  men  with  prostate  cancer  and  401  population-based 
controls  (case-control  group  II),  in  which  the  OR  of  allele  -8  was  1.72 
(P  =  0.0018).  In  the  combined  Icelandic  case-control  groups  I  and  II 
(1,291  affected  men  and  997  controls),  the  DG8S737  -8  allele  had  a 
frequency  of  13.1%  in  affected  men  and  7.8%  in  controls  (OR  =  1.77, 
P  =  2.3  X  10-8)  (Table  1),  corresponding  to  a  PAR  of  11%.  DG8S737 
(128.433096  Mb;  Supplementary  Table  1  online)  is  a  dinucleotide  AC 
repeat  located  within  a  linkage  disequilibrium  (LD)  block  that  spans  92 
kb  on  chromosome  8q24.21  (128.414  to  128.506  Mb,  NCBI  Build  34)  in 
the  Utah  CEPH  (CEU)  HapMap  samples  (all  references  to  the  HapMap 
data  in  the  text  are  to  release  19). 

To  further  investigate  the  nature  and  extent  of  the  association  signal, 
we  genotyped  63  SNPs  and  12  additional  microsatellites  in  a  600-kb 
region  surrounding  DG8S737  (Fig.  lc,d  and  Supplementary  Tables  1 
and  2  online).  In  total,  53  SNPs  and  six  microsatellites  were  located  within 


prostate  cancer. 

In  an  effort  to  identify  new  risk  variants,  we  sequenced  pools  of 
DNA  samples  consisting  of  117  Icelandic  men  with  prostate  cancer 
and  109  controls  across  the  92-kb  LD  block  region  (92%  coverage) 
(Supplementary  Methods  online).  Few  new  SNPs  were  identified,  and 
none  showed  stronger  association  to  prostate  cancer  in  the  combined 
Icelandic  case-control  group  than  allele  -8  of  DG8S737  or  allele  A  of 
rsl447295. 

We  next  attempted  to  replicate  this  association  in  1,435  unrelated  men 
with  prostate  cancer  and  779  population-based  controls  from  Sweden, 
and  in  458  European  American  men  with  prostate  cancer  and  247  con¬ 
trols  from  Chicago.  The  frequency  of  the  DG8S737  -8  allele  was  sig¬ 
nificantly  greater  in  affected  men  than  in  controls  for  both  the  Swedish 
(OR  1.38,  P  =  0.0043)  and  European  American  (OR  2.10,  P  =  0.0029) 
case-control  groups.  We  obtained  a  similar  outcome  for  the  rsl447295  A 
allele  (Table  1),  indicating  that  the  variants  initially  identified  in  Iceland 
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Table  1  Association  of  alleles  at  chromosome  8q24  to  prostate  cancer  in  Iceland,  Sweden  and  the  US 


Study  population 
(N  cases/  N  controls) 

Marker 

Allele 

Cases 

Allelic  frequency 

Controls 

OR 

Pvalue 

Iceland 

Group  la 

(869/596) 

DG8S737 

-8 

0.134 

0.080 

1.79 

3.0  x  10-6 

Group  llb 

(422/401) 

DG8S737 

-8 

0.124 

0.076 

1.72 

1.8  x  10-3 

Combined  groups  1  and  llb 

(1,291/997) 

DG8S737 

-8 

0.131 

0.078 

1.77 

2.3  x  10-8 

rsl447295 

A 

0.169 

0.106 

1.72 

1.7  x  10-9 

Sweden0 

(1,435/779) 

DG8S737 

-8 

0.101 

0.079 

1.38 

4.3  x  10-3 

rsl447295 

A 

0.164 

0.133 

1.29 

4.5  x  10-3 

European  Americans, 

Chicago 

(458/247) 

DG8S737 

-8 

0.082 

0.041 

2.10 

2.9  x  10-3 

rsl447295 

A 

0.127 

0.081 

1.66 

6.7  x  10-3 

African  Americans, 

Michiganbd 

(246/352) 

DG8S737 

-8 

0.234 

0.161 

1.60 

2.2  x  10-3 

rsl447295 

A 

0.344 

0.313 

1.15 

0.29 

Shown  are  alleles  for  the  markers  DG8S737  and  rsl447295  at  8q24.21  and  the  corresponding  numbers  of  cases  and  controls  (/V),  allelic  frequencies  of  variants  in  affected  and  control  individu¬ 
als,  odds  ratio  (OR)  and  two-sided  Pvalues. 

individuals  are  unrelated  at  three  meioses.  bThe  association  analysis  was  adjusted  for  the  relatedness  of  some  of  the  individuals.  cThe  Pvalues  and  the  OR  values  were  adjusted  for  a  covariate 
that  represented  the  two  different  centers  (see  Methods).  dThe  results  shown  were  adjusted  for  European  and  African  ancestry  between  affected  individuals  and  controls  and  were  practically  iden¬ 
tical  to  unadjusted  results. 


are  likely  to  be  associated  with  increased  risk  of  prostate  cancer  in  most 
populations  of  European  ancestry. 

The  rsl447295  A  allele  is  more  common  than  the  DG8S737  -8 
allele,  and  most  chromosomes  that  carry  the  -8  allele  also  carry  the  A 
allele.  Investigating  the  risk  jointly  (Supplementary  Table  4  online  and 
Supplementary  Methods),  we  found  that  the  chromosomes  that  carry 
both  the  -8  allele  and  the  A  allele  have  the  highest  risk.  The  chromo¬ 
somes  that  carry  the  A  allele  but  not  the  -8  allele  have  lower  risk  than 
the  former,  but  they  still  have  significantly  higher  risk  than  chromo¬ 
somes  that  carry  neither  allele  (OR  =  1.25,  P  =  0.015).  These  results 
indicate  that  neither  the  DG8S737  -8  nor  the  rsl447295  A  alleles  by 
themselves  can  fully  explain  the  risk  profile.  Hence,  either  there  are  mul¬ 
tiple  functional  variants  in  the  region,  or  these  alleles  are  both  in  strong, 
but  imperfect,  LD  with  a  presently  unknown  risk  variant.  Accordingly, 
both  markers  should  be  genotyped  in  replication  studies  in  populations 
of  European  ancestry. 

We  undertook  a  third  replication  study  in  246  African  American  men 
with  prostate  cancer  and  352  controls  to  determine  whether  the  variants 
identified  above  are  also  associated  with  prostate  cancer  in  a  group  with 
high  incidence  of  the  disease.  If  so,  then  the  greater  genetic  diversity 
in  African  Americans  could  provide  greater  resolution  to  pinpoint  the 
unknown  risk  variant.  This  assumption  was  supported  by  an  analysis 


of  the  92 -kb  LD  block  in  the  Nigerian  Yoruba  (YRI)  HapMap  sample, 
which  uncovered  both  greater  genetic  diversity  and  weaker  LD  in  the  YRI 
sample  than  in  populations  of  European  ancestry.  Specifically,  although 
19  SNPs,  including  rsl447295,  are  in  the  same  equivalence  class  (r2  =  1) 
in  the  CEU  HapMap  data,  they  belong  to  13  different  equivalence  classes 
in  the  HapMap  YRI  sample  (Supplementary  Table  3).  Consequently, 
in  addition  to  DG8S737,  we  genotyped  17  of  the  19  equivalent  SNPs 
(including  rsl447295)  in  the  African  American  case-control  group.  Of 
the  two  omitted,  one  was  perfectly  correlated  with  two  other  SNPs  we 
genotyped,  and  the  other  was  nonpolymorphic,  in  the  YRI  samples. 

Allele  frequency  differences  between  the  YRI  HapMap  sample  and  the 
groups  of  European  ancestry  raised  the  possibility  that  spurious  associa¬ 
tion  results  could  arise  from  differences  in  the  distribution  of  European 
ancestry  among  the  African  American  men  in  the  affected  and  control 
groups.  To  control  for  ancestry,  we  genotyped  30  microsatellites  that  are 
randomly  distributed  in  the  genome  and  informative  for  distinguish¬ 
ing  between  African  and  European  ancestry.  An  analysis  of  these  data 
with  Structure9-1 1  did  not  show  any  significant  differences  in  European 
ancestry  between  affected  individuals  and  controls. 

The  frequency  of  allele -8  of  DG8S737  was  23.4%  in  African  American 
men  with  prostate  cancer  and  16. 1%  in  controls,  with  an  OR  of  1 .60  (P  = 
0.0022).  Of  the  17  SNPs  that  we  genotyped,  rsl447295  gave  the  lowest, 
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Figure  2  RNA  expression  of  identified  splice 
variants  derived  from  the  EST  AW  183883. 

(a)  Schematic  representation  of  the  four  AW 
splice  variants  identified.  Exons  are  shown  as 
rectangles  and  introns  as  lines.  The  transcripts 
extend  from  128.258-128.451  Mb  on 
chromosome  8q24.  The  length  of  exons  is 
as  follows:  exon  1:  503  bp;  exon  2:  343  bp; 
exon  3:  103  bp;  exon  4:  88  bp;  exon  5:  371 
bp;  exon  6:  135  bp;  exon  6  (long):  546  bp; 
exon  7:  140  bp  and  exon  8:  246  bp.  Shown 
are  locations  of  the  microsatellite  marker 
DG8S737  and  the  SNP  rsl447295  relative 
to  the  splice  variants.  Figure  is  not  drawn  to 
scale,  (b)  RNA  blot  analysis  of  polyA  RNA 
isolated  from  various  human  tissues.  The 
membrane  was  hybridized  with  the  351-bp 
full-length  AW183883  EST  cDNA  (exons 
1  and  2).  PBL,  peripheral  blood  leukocyte. 
Note  the  1.5-kb  band  in  testis,  (c)  RNA  blot 
analysis  of  human  polyA  RNA  from  normal  and 
malignant  prostate  cell  lines.  The  membrane 
was  hybridized  with  a  657-bp  PCR-amplified 
probe  corresponding  to  exons  6-8  (see 
Supplementary  Methods  for  sequence).  Note 
the  -600  bp  band  in  the  RWPE-l/PZ-HPV-7 
and  CA-HPV-10  lines  and  the  ~900-bp  band 
in  the  LNCaP  cell  line.  The  RWPE-1  and 
PZ-HPV-7  cell  lines  are  derived  from  normal 
prostate  and  the  others  from  prostate  cancer. 
The  membrane  in  b  was  also  hybridized  with  a 
probe  specific  for  exon  6-8  but  gave  no  signal. 
Similarly,  the  AW183883  EST  cDNA  (exons 
1  and  2)  probe  did  not  give  a  signal  when 
hybridized  to  the  membrane  in  c. 


albeit  not  significant,  P  value  (P  =  0.29)  (Table  1).  This  indicates  that 
DG8S737  -8,  rather  than  the  SNPs,  is  either  itself  a  functional  variant 
or  is  very  tightly  associated  with  a  presently  unknown  risk  variant  both 
in  populations  of  European  and  of  African  ancestry.  Although  the  latter 
^possibility  might  seem  unlikely  given  the  considerable  range  of  allele 
JBsizes  exhibited  by  DG8S737  (Supplementary  Table  5  online),  a  phylo¬ 
genetic  analysis  indicated  that  this  marker  has  only  a  moderate  muta¬ 
tion  rate,  with  strong  correlation  between  allele  size  and  SNP  haplotype 
background  in  the  HapMap  samples  (Supplementary  Fig.  1  online). 

Assessment  of  the  HapMap  YRI  data  showed  that  the  three  SNPs  that 
are  most  strongly  correlated  with  the  -8  allele  of  DG8S737  (r2  =  0.32 
to  0.34)  were  among  the  17  SNPs  genotyped  in  the  African  American 
samples  (Supplementary  Table  3).  Thus,  it  is  highly  unlikely  that  any 
SNP  within  the  LD  block  in  the  HapMap  data  will  show  a  strong  asso¬ 
ciation  to  prostate  cancer  in  African  Americans.  Even  though  the  OR  is 
similar  in  the  case-control  groups  of  African  and  European  ancestry,  the 
estimated  PAR  in  African  Americans  is  considerably  higher  (16%  versus 
5% — 11%)  because  of  the  greater  frequency  of  DG8S737  -8.  This  allele 
is  even  more  common  in  the  YRI  HapMap  samples  (22.5%),  raising  the 
possibility  that  the  PAR  captured  by  DG8S737  -8  may  even  be  greater  in 
African  populations.  We  found  that  the  multiplicative  risk  model  fitted 
the  data  adequately  for  populations  of  both  European  and  African  ances¬ 
try.  Genotype  counts  and  model-free  estimates  of  genotype-specific  RR 
values  can  be  found  in  Supplementary  Tables  6  and  7  online. 

We  next  sought  to  determine  whether  the  risk  variants  associate 
more  strongly  with  aggressive  forms  of  prostate  cancer  as  reflected 
by  high  Gleason  scores.  In  all  four  case-control  groups,  the  frequency 
of  DG8S737  -8  was  significantly  greater  in  men  with  prostate  cancer, 


with  combined  Gleason  scores  of  7  to  10,  than  in  controls  (Table  2). 
Moreover,  the  frequency  of  allele  -8  was  greater  in  affected  individuals 
with  high  (7-10)  than  with  low  (2-6)  Gleason  scores  in  all  four  case- 
control  groups  combined  (OR  =  1.21,  P=  0.02)  and  the  three  European 
ancestry  case-control  groups  combined  (OR  =  1.18,  P  =  0.07),  but  the 
difference  is  modest.  An  analysis  of  510  Icelandic  men  diagnosed  with 
benign  prostatic  hyperplasia  (BPH),  but  not  prostate  cancer,  showed  no 
significant  excess  of  either  allele  -8  of  DG8S737  or  allele  A  of  rsl447295 
(data  not  shown)  indicating  that  these  variants  increase  the  risk  of 
malignant  prostate  tumors  only,  and  might  have  a  stronger  association 
with  the  more  aggressive  forms. 

As  only  the  microsatellite  allele  showed  significant  association  in  the 
African  American  case-control  group,  and  it  is  contained  in  a  smaller  LD 
block  in  African  Americans  than  in  populations  of  European  ancestry 
(Supplementary  Fig.  2  online),  we  propose  that  the  region  most  likely 
to  contain  the  functional  variant  can  be  narrowed  down  to  positions 
128.414-128.474  Mb  (NCBI  build  34).  This  region  contains  one  spliced 
EST  (AW183883)  and  three  single-exon  ESTs  (BE144297,  CV364590  and 
AF119310)  in  addition  to  a  few  predicted  genes,  but  no  known  genes12. 
No  microRNAs  have  been  detected  within  the  block13.  Expression 
analysis  in  various  cDNA  libraries  confirmed  only  the  expression  of  the 
AW183883  EST  (Supplementary  Methods).  We  identified  four  differ¬ 
ent  splice  variants  of  AW183883  by  5'and  3'  RACE  that  were  verified  by 
RT-PCR  and  RNA  blot  analysis  (Fig.  2a).  Using  the  AW1 83883  EST  as  a 
probe  on  an  RNA  blot,  we  detected  a  -1.5-kb  signal  only  in  testis,  con¬ 
sistent  with  the  size  of  the  two  longer  forms.  The  two  shorter  transcripts 
harboring  exons  6-8  were  detected  only  in  normal  (0.6-kb  transcript) 
and  malignant  (0.6-  and  0.9-kb  transcripts)  prostate  cell  lines,  not  in 
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Table  2  Association  of  alleles  at  chromosome  8q24  to  high  and  low  Gleason  scores  in  Iceland,  Sweden  and  the  US 


Study  population  (/V  cases/ 

N  controls) 

Marker 

Allele 

Cases 

Allelic  frequency 

Controls 

OR 

Pvalue 

Iceland13 

Biopsy  Gleason  7-10 

(289/997) 

DG8S737 

-8 

0.146 

0.078 

2.00 

4.0  x  10-6 

Biopsy  Gleason  2-6 

rsl447295 

A 

0.179 

0.106 

1.84 

7.3  x  10-6 

(548/997) 

DG8S737 

-8 

0.131 

0.078 

1.78 

3.4  x  10-6 

Sweden3 

Gleason  7-10 

rsl447295 

A 

0.170 

0.106 

1.73 

6.7  x  10~7 

(625/779) 

DG8S737 

-8 

0.107 

0.079 

1.42 

1.0  x  10-2 

Gleason  2-6 

rsl447295 

A 

0.167 

0.133 

1.29 

2.0  x  10-2 

(678/779) 

DG8S737 

-8 

0.094 

0.079 

1.31 

4.5  x  lO-2 

European  Americans, 

Chicago 

Biopsy  Gleason  7-10 

rsl447295 

A 

0.158 

0.133 

1.25 

3.4  x  10*2 

(149/247) 

DG8S737 

-8 

0.108 

0.041 

2.83 

4.4  x  10-4 

Biopsy  Gleason  2-6 

rsl447295 

A 

0.151 

0.081 

2.03 

2.7  x  10~3 

(306/247) 

DG8S737 

-8 

0.071 

0.041 

1.78 

3.6  x  10-2 

African  Americans, 
Michigan5,0 

Biopsy  Gleason  7-10 

rsl447295 

A 

0.116 

0.081 

1.50 

5.1  x  10-2 

(112/352) 

DG8S737 

-8 

0.273 

0.161 

1.96 

3.3  x  10-4 

Biopsy  Gleason  2-6 

rsl447295 

A 

0.352 

0.313 

1.19 

0.28 

(121/352) 

DG8S737 

-8 

0.211 

0.161 

1.40 

8.2  x  10-2 

rsl447295 

A 

0.341 

0.313 

1.14 

0.43 

Shown  are  alleles  for  the  markers  DG8S737  and  rsl447295  at  8q24.21  and  the  corresponding  numbers  of  cases  and  controls  (N),  frequencies  of  variants  in  affected  and  control  individuals, 
[•Bkodds  ratio  (OR)  and  two-sided  P  values.  About  80%  Swedish  Gleason  scores  are  from  biopsy  material  and  the  rest  from  surgery. 

aThe  P  values  and  the  ORs  were  adjusted  for  a  covariate  that  represented  the  two  different  centers  (see  Methods).  DThe  association  analysis  was  adjusted  for  the  relatedness  of  some  of  the  indi¬ 
viduals.  cThe  results  shown  were  adjusted  for  European  and  African  ancestry  between  affected  individuals  and  controls  and  were  practically  identical  to  unadjusted  results. 


the  other  tissues  analyzed  (Fig.  2b, c).  The  predicted  ORFs  for  these 
transcripts  did  not  show  significant  homology  to  known  proteins. 

We  note  that  8q24  is  the  most  frequently  gained  chromosomal  region 
in  prostate  tumors14.  Gain  in  this  region  has  been  associated  with  aggres¬ 
sive  tumors,  hormone  independence  and  poor  prognosis15.  However, 
DNA  blot  analysis  of  the  92-kb  LD  region  using  germline-derived  {N  = 
31)  and  tumor-derived  (N  =  15)  DNA  showed  no  differences  between 
carriers  and  noncarriers  of  the  DG8S737  -8  allele  (data  not  shown). 
Also  notable  is  the  proximity  of  DG8S737  to  the  well-known  oncogene 
c-MYC  (-270  kb  telomeric).  However,  we  did  not  observe  any  signifi¬ 
cant  correlation  between  SNPs  located  in  the  c-MYC  gene  and  either 
prostate  cancer  risk  or  the  risk  variants  identified  in  this  study  (data  not 
shown).  Nevertheless,  it  is  possible  that  the  risk  variant  modifies  c-MYC 
regulation  by  predisposing  to  genomic  instability  or  altering  long-range 
regulation  of  expression,  although  we  have  not  uncovered  any  evidence 
supporting  these  possibilities. 

In  summary,  we  have  demonstrated  significant  association  of  prostate 
cancer  risk  to  the  DG8S737  -8  and  rs!447295  A  alleles  in  three  case- 


control  groups  of  European  ancestry  (in  which  rsl447295  A  is  perfectly 
correlated  with  alleles  from  at  least  18  other  nearby  SNPs).  Combining 
results  from  these  groups  gave  an  estimated  OR  of  1.62  (P  =  2.7  x  10_n) 
for  DG8S737  -8  and  an  OR  of  1.51  (P  =  1.0  x  KT11)  for  rsl447295  A. 
Assuming  population  frequencies  of  6.6%  and  10.7%  (averages  from  the 
three  groups),  and  using  OR  as  an  estimate  of  RR,  the  corresponding 
PAR  was  approximately  8%  and  10%,  respectively,  for  these  two  markers. 
The  association  between  prostate  cancer  and  the  DG8S737  -8  allele  was 
also  replicated  in  an  African  American  case-control  group  with  nearly 
identical  OR,  but  association  in  this  group  was  not  demonstrated  for 
the  HapMap  SNPs  that  showed  the  strongest  correlation  in  the  CEU  and 
the  YRI  samples  with  the  -8  allele  of  DG8S737. 

We  identified  the  risk  variants  described  here  through  a  positional 
cloning  approach,  starting  with  linkage  analyses.  However,  the  associa¬ 
tion  signal  could  have  been  detected,  in  theory,  by  genome- wide  associa¬ 
tion  in  populations  of  European  ancestry  using  common  SNPs  through 
either  rsl447295  or  one  of  its  LD  equivalents.  Based  on  the  P  value  from 
the  combined  European  ancestry  case-control  groups,  the  result  would 
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remain  highly  significant  even  if  it  were  necessary  to  adjust  for  the  testing 
of  hundreds  of  thousands  of  common  SNPs.  In  contrast,  if  based  solely 
on  SNPs  contained  in  release  19  of  the  HapMap  project,  our  analyses 
suggest  that  a  genome-wide  association  study  would  not  capture  this 
association  signal  in  African  American  or  African  samples.  Consequently, 
we  postulate  that  either  the  -8  allele  confers  risk,  or  it  is  more  closely 
correlated  with  the  risk  variant  than  any  of  the  current  HapMap  SNPs. 
If  the  latter  hypothesis  is  true,  then  the  lesser  LD  in  African  Americans 
indicates  that  the  unknown  variant  is  located  within  a  60-kb  region  of 
strong  LD  containing  DG8S737.  Also  noteworthy  is  the  relatively  high 
population  frequency,  in  African  Americans,  of  the  -8  allele,  which  con¬ 
fers  an  estimated  PAR  of  about  16%  and  could  alone  produce  more  than 
a  10%  greater  incidence  of  prostate  cancer  in  African  Americans  than  in 
European  Americans.  Thus,  this  genetic  variant  might  account,  in  part, 
for  the  higher  incidence  of  prostate  cancer  in  African  Americans. 

METHODS 

Icelandic  study  population.  Men  with  prostate  cancer  were  identified  based  on  a 
nationwide  list  from  the  Icelandic  Cancer  Registry  containing  all  3,815  Icelandic 
men  with  prostate  cancer  diagnosed  from  1  January  1955  to  31  December  2004. 
A  total  of  1,291  affected  individuals  were  recruited  for  this  study  out  of  the  1,425 
affected  individuals  who  were  alive  from  November  2000  to  June  2005  (a  partici¬ 
pation  rate  of  90.6%).  For  the  linkage  analysis,  the  deCODE  genetics  genealogi¬ 
cal  database16  was  used  to  group  871  affected  individuals  into  323  informative 
pedigrees.  All  1,291  affected  individuals  were  used  in  the  case-control  association 
analysis,  but  they  were  divided  into  two  groups.  Case-control  group  I  (869  cases 
and  596  controls)  consisted  of  unrelated  individuals  (at  three  meiosis).  Some 
of  the  cases  in  case-control  group  II  (422  cases  and  401  controls)  were  related 
within  three  meiosis  (28  relationships),  and  the  same  was  true  for  some  cases  in 
the  combined  group  of  1,291  cases  and  997  controls  (140  relationships).  In  the 
association  analysis,  we  adjusted  for  the  relatedness  in  these  groups  as  described 
below.  The  997  controls  were  randomly  selected  from  the  Icelandic  genealogi¬ 
cal  database  (see  Supplementary  Note  for  a  more  detailed  description  of  the 
Icelandic  study  population). 

The  study  was  approved  by  the  Data  Protection  Commission  of  Iceland  and 
the  National  Bioethics  Committee  of  Iceland.  Written  informed  consent  was 
obtained  from  all  affected  individuals,  relatives  and  controls.  Personal  identifiers 
associated  with  medical  information  and  blood  samples  were  encrypted  with  a 
third-party  encryption  system  as  previously  described17. 

(Swedish  and  US  study  populations.  CAPS1  (‘Cancer  of  the  Prostate  in  Sweden 
1’)  is  a  population-based  case-control  study  with  enrollment  from  January 
2001  through  September  2002  (ref.  18).  Genotypes  from  1,435  Swedish  men 
with  prostate  cancer  and  779  controls  were  used  in  this  study.  Informed  con¬ 
sent  was  obtained  from  all  subjects,  and  the  study  was  approved  by  the  Ethics 
Committees  at  the  Karolinska  Institute  and  Umea  University. 

The  European  American  study  population  consisted  of 458  men  with  prostate 
cancer,  recruited  from  the  Pathology  Core  of  Northwestern  University’s  Prostate 
Cancer  Specialized  Program  of  Research  Excellence  (SPORE)  from  May  2002  to 
June  2005.  The  247  European  American  controls  were  recruited  as  healthy  con¬ 
trol  subjects  for  genetic  studies  at  the  University  of  Chicago  and  Northwestern 
University  Medical  School.  Study  protocols  were  approved  by  the  Institutional 
Review  Boards  of  Northwestern  University  and  the  University  of  Chicago.  All 
subjects  gave  written  informed  consent. 

The  African  American  study  population  consisted  of  352  male  controls 
recruited  through  the  Flint  Men’s  Health  Study  (FMHS)  and  246  men  with 
prostate  cancer  from  FMHS  and  the  University  of  Michigan  Prostate  Cancer 
Genetics  Project  (PCGP)19,20.  Affected  individuals  and  controls  were  of  self- 
reported  African  American  ethnicity.  Informed  consent  was  obtained  from  all 
study  participants,  and  protocols  were  approved  by  the  Institutional  Review 
Board  at  the  University  of  Michigan  Medical  School  (see  Supplementary  Note 
for  more  detailed  descriptions  of  the  Swedish  and  US  study  populations). 

Linkage  analysis.  A  genome-wide  linkage  scan  was  performed  in  Iceland  with  a 
framework  set  of  1,068  microsatellites.  For  multipoint  linkage  analysis,  we  used  an 


affected-only  allele-sharing  method21  as  implemented  in  the  program  Allegro22 
and  as  previously  described23.  Our  genetic  map24  was  used.  An  additional  25 
markers  were  typed  in  the  region  of  suggestive  linkage  to  increase  the  informa¬ 
tion  content. 

Association  analysis.  For  single-marker  association  to  prostate  cancer,  we  used 
a  likelihood  ratio  test  to  calculate  a  two-sided  P  value  for  each  allele.  Each  allele 
was  tested  separately  with  the  complementary  alleles  (when  there  was  more  than 
one  complementary  allele,  they  were  collapsed  into  a  single  composite  allele). 
We  attempted  to  genotype  all  individuals  reported  in  Table  1  for  DG8S737  and 
rs  1447295.  For  both  markers,  yield  was  higher  than  90%  in  every  group  (see 
Supplementary  Table  6  for  details),  and  every  individual  had  a  genotype  for  at 
least  one  of  the  two  markers.  As  the  two  markers  were  in  strong  LD,  when  the 
genotype  of  one  marker  was  missing  for  an  individual,  the  genotype  of  the  other 
marker  was  used  to  provide  partial  information  through  a  likelihood  approach. 
This  ensured  that  results  for  both  markers  presented  in  Tables  1  and  2  were  always 
based  on  the  same  individuals,  allowing  meaningful  comparisons.  A  likelihood 
procedure  described  in  a  previous  publication8,  implemented  in  the  NEMO  soft¬ 
ware,  was  used  for  haplotype  analyses  (see  Supplementary  Methods  for  details). 
We  tested  the  association  of  an  allele  to  prostate  cancer  using  the  signed  (+  for 
excess  in  affected  individuals;  -  for  deficit)  square  root  of  a  standard  likelihood 
ratio  statistic  that,  if  the  subjects  were  unrelated,  would  have  asymptotically  a 
standard  normal  distribution  under  the  null  hypothesis. 

Allelic  frequencies  rather  than  carrier  frequencies  are  presented  for  the 
markers.  Allele-specific  OR  and  RR  were  calculated  assuming  a  multiplica¬ 
tive  model7.  Results  from  multiple  case-control  groups  were  combined  using 
a  Mantel- Haenszel  model25  in  which  the  groups  were  allowed  to  have  different 
population  frequencies  for  alleles,  haplotypes  and  genotypes  but  were  assumed 
to  have  common  relative  risks.  As  described  above,  the  case-control  samples  from 
Sweden  came  from  two  centers  that  have  individually  been  frequency  matched 
by  geography  and  age.  The  results  for  the  Swedish  case-control  study  as  a  whole, 
presented  in  Tables  1  and  2,  were  also  calculated  using  a  Mantel-Haenszel  model 
to  adjust  for  a  covariate  that  represents  the  different  centers.  For  each  of  the  four 
case-control  groups,  there  was  no  significant  deviation  from  Hardy- Weinberg 
equilibrium  (HWE)  in  the  controls. 

Correction  for  relatedness.  Some  of  the  individuals  with  prostate  cancer  in  the 
Icelandic  case-control  groups  were  related  to  each  other  (see  above).  The  geno¬ 
types  of  closely  related  individuals  are  not  independent,  causing  the  standard 
deviation  of  the  aforementioned  association  test  statistic  to  be  >1,  which,  if  not 
corrected  for,  would  lead  to  P  values  that  are  anticonservative.  An  adjustment  for 
relatedness  was  performed  using  a  previously  described  procedure26.  We  simu¬ 
lated  10,000  sets  of  genotypes  for  the  marker  DG8S737  through  the  genealogy 
of  708,683  Icelanders.  With  each  simulated  set,  we  recalculated  the  statistic  by 
treating  the  simulated  genotypes  as  real  genotypes  of  the  affected  individuals  and 
controls  in  the  study.  From  the  simulations,  the  true  standard  deviation  of  the 
statistic  under  the  null  hypothesis  was  1 .0 1 8  for  allele  -8,  and  this  value  was  used 
to  calculate  the  P  values  for  the  Icelandic  total  case-control  group  of  1,291  men 
with  prostate  cancer  and  997  controls.  Based  on  similar  simulations,  the  adjust¬ 
ment  factor  for  allele  A  of  rs  1447295  was  found  to  be  slightly  lower,  as  expected, 
owing  to  the  higher  frequency  of  allele  A  compared  to  allele  -8.  We  decided 
to  use  the  higher  adjustment  factor  of  1.018  throughout  for  simplicity.  Hence, 
the  results  reported  for  allele  A  are  slightly  conservative.  A  similar  procedure 
was  used  to  adjust  for  the  relatedness  of  some  men  with  prostate  cancer  in  the 
Michigan  African  American  case-control  group.  Apart  from  the  given  relation¬ 
ships  among  some  individuals  in  the  PCGP  African  American  Michigan  study, 
further  investigations  with  RELPAIR27,28  using  the  ethnicity  marker  genotypes 
uncovered  14  additional  cryptic  relationships,  1 1  of  them  first-degree  and  three 
second-degree.  Among  the  first-degree  relations,  seven  are  within  groups  (five 
case-case  and  two  control-control)  and  four  are  between  groups  (case-control). 
The  reported  associations  results  were  adjusted  for  both  the  known  relations 
and  the  cryptic  relations. 

Evaluation  of  genetic  ancestry.  We  used  the  program  Structure10  to  estimate  the 
genetic  ancestry  of  individuals.  Structure  infers  the  allele  frequencies  of  K  ances¬ 
tral  populations  on  the  basis  of  multilocus  genotypes  from  a  set  of  individuals 
and  a  user-specified  value  of  K  and  assigns  a  proportion  of  ancestry  from  each 
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of  the  inferred  K  populations  to  each  individual.  The  analysis  of  our  data  set 
was  run  with  K  =  3,  with  the  aim  of  identifying  the  proportion  of  African  and 
European  ancestry  in  each  individual.  The  statistical  significance  of  the  difference 
in  mean  European  ancestry  between  African  Americans  with  prostate  cancer  and 
controls  was  evaluated  by  reference  to  a  null  distribution  derived  from  10,000 
randomized  data  sets. 

To  evaluate  genetically  estimated  ancestry  of  the  case-control  groups  from  the 
US,  we  selected  30  unlinked  microsatellite  markers  from  about  2,000  microsatel¬ 
lites  genotyped  in  a  previously  described10  multiethnic  cohort  of  35  European 
Americans,  88  African  Americans,  34  Chinese  and  29  Mexican  Americans.  Of 
the  2,000  microsatellite  markers,  the  selected  set  showed  the  most  significant 
differences  between  European  Americans,  African  Americans  and  Asians  and 
also  had  good  quality  and  yield. 

Accession  codes.  GenBank:  newly  identified  splice  variants  derived  from  the 
AW183883  EST:  DQ515896  (exons  1-2-3-4-5),  DQ515897  (exons  1-2-3-4-6-8), 
DQ515898  (exons  6-7-8)  and  DQ515899  (exons  6-8). 

Note:  Supplementary  information  is  available  on  the  Nature  Genetics  website. 
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